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PREFACE  TO  THIRD  EDITION 

Extensive  revision  has  again  been  necessary  in  order  to  bring 
the  technic  represented  in  this  manual  up  to  date.  New  methods 
are  described  for  phosphates,  sulphates,  total  base,  sugar  and 
amino-acids  in  urine,  and  for  chlorids  and  amino-acids  in  blood. 
Important  improvements  are  given  in  the  methods  for  lipoids, 
uric  acid  and  for  sugar  in  blood.  For  important  additions  to  the 
discussion  of  solutions  and  the  use  of  indicators  in  titrations  I  am 
indebted  to  Dr.  C.  H.  Fiske. 

Otto  Folin 

Boston 


PREFACE  TO  FIRST  EDITION 

This  manual  of  biological  chemistry  for  medical  students  in 
Harvard  Medical  School  has  been  revised  annually  for  the  past 
seven  years,  and  it  is  believed  now  to  meet  our  needs  sufficiently 
well  to  warrant  publication. 

For  many  years  I  have  been  interested  in  the  development  of 
analytical  methods  applicable  to  metabolism  investigations.  The 
most  serviceable  of  my  older  methods  and  some  of  the  newer 
methods  have  been  taught  to  our  medical  students ;  these  are  de¬ 
scribed  in  the  main  body  of  the  manual.  Others  not  heretofore 
included  have  been  incorporated  in  the  supplement,  so  that  nearly 
all  the  newer  methods  devised  in  the  department  are  now  de¬ 
scribed  in  this  manual. 

In  connection  with  the  revisions  referred  to  above  I  am  in¬ 
debted  for  valuable  help  to  W.  R.  Bloor,  W.  Denis,  C.  J.  Farmer, 
L.  J.  Morris,  F.  B.  Kingsbury,  F.  S.  Hammett,  R.  D.  Bell,  and 
C.  H.  Fiske,  as  well  as  to  my  older  friend,  P.'A.  Shaffer. 
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LABORATORY  MANUAL  OF 
BIOLOGICAL  CHEMISTRY 


PART  I 

ACIDIMETRY,  ALKALIMETRY,  NITROGEN 
DETERMINATION 

Equivalent  and  Normal  Solutions. — Since  the  molecular 
weight  of  sodium  hydroxid  (NaOH)  is  40  and  that  of  hydro¬ 
chloric  acid  (HCl)  is  36.46,  it  follows  that  40  g.  of  the  former 
contain  the  same  number  of  molecules  as  36.46  g.  of  the  latter. 
If  40  g.  of  sodium  hydroxid  and  36.46  g.  of  hydrochloric  acid 
are  each  dissolved  in  pure  water  sufficient  to  make  one  liter  of 
solution,  each  liter  will  contain  the  same  number  of  dissolved 
molecules. 

It  will  take  a  little  less  than  one  liter  of  water  to  make  a  liter  of 
solution  because  the  dissolved  substance  takes  up  some  space.  A  nor¬ 
mal  sodium  hydroxid  solution  contains  four  per  cent  of  sodium 
hydroxid.  By  per  cent  in  the  case  of  solutions  is  usually  meant  the 
amount  of  substance  present  in  100  c.c.  of  solution. 

Mixing  equal  volumes  of  two  such  solutions  is,  therefore,  the 
same  as  bringing  together  practically  the  same  number  of  the 
two  kinds  of  molecules,  and  the  result  is  the  instantaneous  and 
essentially  complete  transformation  into  sodium  chlorid  (and 
water). 

X  NaOH-bX  HC1=X  NaCl-fX  H^O. 

If  either  or  both  of  the  solutions  should  first  be  diluted  with  a 
considerable  bulk  of  pure  water,  the  result  on  mixing  the  two 
would  be  the  same,  for  the  extra  amount  of  water  present  takes 
no  part  in  the  reaction  (except  to  the  extent  of  absorbing  a  part 
of  the  heat  set  free). 

The  two  solutions  are  equivalent.  They  also  happen  to  be 
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normal  solutions.  The  hydrochloric  acid  is  normal  because  it 
contains  i  g.  of  active  or  replaceable  hydrogen  per  liter  of  solu¬ 
tion,  and  not  because  it  contains  the  same  number  of  grams  of 
MCI  per  liter  as  there  are  units  in  the  molecular  w'eight.  The 
sodium  hydroxid  solution  is  normal  because  it  is  equivalent  to 
a  solution  containing  i  g.  of  replaceable  hydrogen  per  liter. 

The  molecular  weight  of  sulphuric  acid  is  98.  A  sulphuric 
acid  solution  containing  exactly  98  g.  per  liter  contains,  there¬ 
fore,  the  same  number  of  molecules  per  unit  volume  as  the 
.sodium  hydroxid  solution  containing  40  g.  per  liter.  But  one 
molecule  of  sulphuric  acid  requires  two  molecules  of  sodium 
hydroxid  for  the  formation  of  the  neutral  salt,  sodium  sulphate, 
because  the  sulphuric  acid  molecule  has  two  replaceable  hydro¬ 
gen  atoms.  The  solutions  are  not  equivalent,  for  the  sulphuric 
acid  contains  2  g.  active  hydrogen  per  liter.  It  is  exactly  twice 
as  strong  as  the  sodic  hydrate  solution ;  it  is  a  2  normal  solu¬ 
tion. 

On  the  basis  of  the  above  description  of  what  constitutes  a  nor¬ 
mal  solution,  calculate  the  number  of  grams  per  liter  in  tenth  normal 
sulphuric  acid  (.iN  H^SO^),  fifth  normal  hydrochloric  acid  (.2N 
HCl),  half  normal  oxalic  acid  (.5N  CjH^O^,  aH^O),  fourth  normal 
acetic  acid  (.25N  CH^COOH),  half  normal  sodic  hydrate  (.5N 
NaOH),  twentieth  normal  barium  hydrate  (.05N  Ba(OH),),  fifth 
normal  ammonium  hydrate  (.2N  NH^OH). 

The  same  description  of  normal  solutions  applies  to  other 
substances  than  acids  and  alkalis,  as,  for  example,  reducing 
and  oxidizing  substances  such  as  potassium  permanganate, 
potassium  bichromate,  iodin,  cupric  hydrate,  stannous  chlorid. 
A  normal  solution  is  here  one  capable  of  liberating  i  g.  of  re¬ 
ducing  hydrogen  (or  of  giving  off  exactly  sufficient  oxygen 
to  oxidize  i  g.  of  hydrogen)  per  liter.  Potassium  perman¬ 
ganate,  for  example,  in  the  presence  of  sulphuric  acid  and  some 
easily  oxidizable  substance  is  decomposed  as  follows: 

2KMn0,+3H2S0,=K,S04-f2MnS0,-f3H20+50. 

As  the  two  permanganate  molecules  liberate  oxygen  enough 
for  ten  hydrogen  atoms  it  takes  only'  one-fiftieth  of  the  molec¬ 
ular  weight  expressed  in  grams  (3.161  g.)  to  make  one  litter  of 
tenth  normal  solution. 

The  calculation  of  what  constitutes  normal  or  equivalent 
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solutions  of  any  reagent  is  not  very  difficult,  provided  the  equa¬ 
tion  representing  the  chemical  reaction  involved  is  thoroughly 
clear. 

To  determine  whether  a  given  unknown  solution  is  acid  or 
alkaline  it  is  usually  sufficient  to  dip  a  piece  of  delicate  violet 
colored  litmus  paper  into  it.  (If  the  solution  is  acid,  the  test 
paper  turns  red ;  if  alkaline,  it  turns  blue.)  Litmus,  the  sub¬ 
stance  with  which  the  paper  has  been  impregnated,  is  a  com¬ 
plex  organic  product,  and  is  one  of  the  most  familiar  represen¬ 
tatives  of  a  most  useful  class  of  organic  compounds  which  are 
so  sensitive  to  acids  or  alkalis,  or  both,  that  they  clearly  and 
unmistakably  indicate  the  presence  of  free  acid  or  alkali  even 
when  the  amounts  present  are  so  small  as  to  be  practically 
unweighable.  By  means  of  such  indicators  and  accurate  measur¬ 
ing  instruments  (measuring  flasks,  burets,  and  pipets),  it  be¬ 
comes  a  simple  matter  to  determine  (by  titration)  the  relative 
concentration  or  equivalence  of  acid  and  alkaline  solutions. 
By  their  help  it  is  possible  to  prepare  with  very  little  labor 
normal  or  tenth  normal  solutions,  even  of  acids  or  alkalis  which 
cannot  be  weighed  on  the  balance,  as  for  example,  hydro¬ 
chloric  acid  and  ammonia,  both  of  which  are  gases.  Before 
this  can  be  done  we  must,  however,  possess  one  normal  or 
standard  solution  prepared  from  some  substance  which  can  be 
weighed. 

Volumetric  analysis  consists  of  measuring  the  value  of  an 
unknown  solution  in  terms  of  another,  the  value  of  which  is 
known  (titration).  The  known  solution  is  prepared  directly 
or  indirectly  by  the  help  of  the  analytical  balance,  and  the  first 
step  in  any  kind  of  volumetric  analysis  is  the  preparation  of  the 
standard  solution  by  means  of  which  the  values  of  others  are 
to  be  determined. 

Every  student  who  has  had  no  experience  in  the  use  of  the  ana¬ 
lytical  balance  must  consult  the  instructor  before  proceeding.  He 
should  also  ask  for  instruction  as  to  the  proper  use  of  measuring 
flasks,  pipets,  and  burets  before  using  them.  He  must  particularly 
learn  when  the  presence  of  unmeasured  quantities  of  water  does  not 
interfere  with  the  accuracy  of  the  work  and  when  a  single  drop  of 
unmeasured  water  introduces  a  perceptible  error.  (See  Sutton’s 
Volumetric  Analysis,  Part  I — “Instruments  and  Apparatus.’’) 

All  the  common  mineral  acids  and  strong  bases  contain 
so  much  water  that  it  is  in  practice  not  feasible  to  weigh  out 
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with  sufficient  accuracy  the  theoretical  quantity  required  for 
a  standard  solution  of  acid  or  alkali.  The  carbonates  of  sodium 
or  calcium  (or  the  carbonates  of  sodium  or  potassium,  obtained 
by  ignition  of  the  corresponding  oxalates)  give  exceedingly 
accurate  results.  Oxalic  acid  is  very  serviceable  as  starting 
material  for  the  preparation  of  standardized  solutions  of  acids 
and  alkalis  if  it  is  pure  and  has  lost  none  of  its  water  of 
crystallization. 

Acids  and  Bases.— An  acid  is  any  substance  that  dissociates 
into  hydrogen  ions;  a  base  is  one  that  dissociates  into  hydroxyl 
ions.  Accordingly,  acetic  acid,  although  it  contains  a  hydroxyl 
group,  is  an  acid,  because  it  ionizes  in  the  following  way: 

CH3C00H^H+ +CH3COO-. 

It  is  not  a  base,  since  it  does  not  ionize  as  follows : 

CH3COOH— CH3CO+  +OH-. 

Some  compounds  (e.g.,  the  amino  acids)  can  dissociate  into  both 
hydrogen  and  hydroxyl  ions,  according  to  circumstances;  they 
are  both  acids  and  bases,  and  are  called  amphoteric  electrolytes, 
or  ampholytes.  Glycin,  for  instance,  ionizes  in  either  of  two 

ways,  depending  upon  whether  the  solution  containing  it  is  acid 
or  alkaline : 

(1)  In  acid  solution : 

NH2  •  CH2  •  C00H+H20;=iNH3  •  CH2  •  COOH+ +OH-. 

(2)  In  alkaline  solution : 

NH2  •  CH2  •  C00H^H++NH2  •  CH2  •  COO-. 

While  indwidual  acids  have  properties  peculiar  to  themselves, 
the  characteristic  properties  common  to  all  acids  are  due  to  the 
hydrogen  10ns  which  their  solutions  contain.  Acids  dissolve 
metals,  hydrolyze  esters,  taste  sour,  redden  blue  litmus  (and 
sirnilarly  affect  the  color  of  other  indicators),  combine  with  bases, 
and  so  on.  But  aqueous  solutions  of  various  acids,  in  the  same 
concentration,  differ  greatly  in  the  facility  with  which  they  do 
these  things,  and  they  differ  because,  while  they  all  dissociate 
into  hydrogen  ions,  they  do  not  all  do  so  to  the  same  degree. 

A  strong  acid  is  one  that  is  almost  completely  dissociated  when 
dissolved  in  water;  a  weak  acid  is  one  that  is  only  slightly  dis- 


scx:iated,  and  there  are  all  gradations  between.  The  common 
monobasic  mineral  acids  (HCl,  HNO3)  are  strong  acids,  and  they 
are  about  82  per  cent,  dissociated,  or  ionized,  in  a  tenth  normal 
solution,  and  92  per  cent,  in  a  hundredth  normal  solution.  Some 
inorganic  acids  (H2S,  H2CO3)  are  weak,  as  are  most  of  the 
common  organic  acids. 

Bases,  in  a  similar  way,  are  strong  or  weak,  according  as  they 
are  to  a  large  or  small  extent  dissociated  into  hydroxyl  ions 
The  alkali  metal  hydroxids  (NaOH,  KOH,  etc.)  are  strong  bases; 
ammonium  hydroxid  is  a  typical  weak  base. 

Hydrogen  Ion  Concentration.— The  complete  neutralization 
of  one  liter  of  a  normal  solution  of  acid  requires  one  liter  of  normal 
alkali,  and  from  that  standpoint  all  acids  are  alike.  But  the 
actual  acidity  of  a  normal  solution  (as  indicated,  for  example, 
by  the  taste)  depends  entirely  upon  the  nature  of  the  acid,  and 
is  determined,  not  by  the  amount  of  replaceable  hydrogen  per  liter, 
but  by  the  concentration  of  ionized  hydrogen.  Thus,  in  a  tenth- 
normal  solution  of  hydrochloric  acid,  82  per  cent,  of  the  acid  is 
dissociated  into  hydrogen  and  chlorin  ions  (H+  and  Cl"),  and 
the  hydrogen  ion  concentration  ([H+]‘  or  C//)  of  this  solution  is 
82  per  cent,  of  tenth  normal,  or  0.082N.  On  the  other  hand,  in 
a  tenth  normal  solution  of  acetic  acid,  only  1.36  per  cent,  of  the 
acid  is  ionized,  and  the  [H+]  is  only  1.36  per  cent,  of  tenth  normal, 
or  0.00136N.  Although  these  two  solutions  are  equivalent  as  far 
as  titration  is  concerned,  the  acidity  of  one  is  sixty  times  that  of 
the  other.  This  illustrates  the  difference  between  strong  and 
weak  acids,  and  leads  to  a  distinction  between  two  kinds  of  acidity, 
(i)  titratable  acidity,  which  is  measured  by  the  amount  of 
standard  alkali  required  to  neutralize  a  given  solution;  and  (2) 
actual  acidity,  or  [H+] — the  number  of  gram-molecules  or  gram- 
ions  of  ionized  hydrogen  per  liter  (or,  approximately,  the  number 
of  grams  of  ionized  hydrogen  per  liter,  since  the  atomic  weight 
of  hydrogen  is  practically  i). 

The  dividing  line  between  acid  and  alkaline  solutions  is  water 
itself,  which  is  ionized  to  a  slight  degree,  as  follows: 


H20;^H+-|-0H-. 


Water,  m  other  words,  is  largely  un dissociated  water  (H2O),  in 
equilibrium  with  a  small  proportion  of  H+  and  OH-  in  equiva- 


*  ®  symbol  for  a  substance,  enclosed 

method  of  denoting  its  concentration. 


in  brackets,  is  the  customary 
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lent  quantities,  so  that  the  hydrogen  ion  concentration  and  the 
hydroxyl  ion  concentration,  or  [OH"],  are  equal.  That  is  true 
not  only  of  pure  water,  but  of  any  neutral  aqueous  solution 

V  ^  is  greater  than 

Its  |UH  J,  and  alkaline  if  the  reverse  is  the  case.  The  nature 
of  the  equilibrium  between  water  and  its  two  ions  can  be  shown 
by  means  of  the  Law  of  Mass  Action. 

Law  of  Mass  Action.— If  two  substances,  A  and  B,  when 
brought  together  in  solution,  react  with  each  other  to  foim  two 
other  substances.  C  and  D.  and  if  these  two  can  react  with  each 
Other  in  such  a  way  that  they  are  converted  back  into  A  and  B 
the  reaction  is  a  reversible  one,  and  can  be  expressed  as  follows’: 


A+B— C+D. 

reactions  concerned  may  be  called  Reaction  i 
{.A+B-*C-\-D)  and  Reaction  2  iC+D-*A+B). 

Reaction  i  may  first  be  considered  by  itself.  That  is  if  the 
solution  at  the  start  contains  only  A  and  B,  it  is  the  only  reaction 
a  can  take  place  at  first.  The  fundamental  statement  of 
the  Law  of  Mass  Action  is  that  any  substance  participating  in  a 
chemical  reaction  does  so  at  a  rate  proportional  to  its  concen¬ 
tration.  In  the  case  of  Reaction  i,  which  proceeds  with  a  velocity 
ft'i)  proportional  to  the  concentrations  of  A  and  B  (that  is 

^  ^  are  used  up  (that  is,  their  concentrations 

iminish),  and  so  the  velocity  of  this  reaction  is  greatest  at  the 
beginning,  and  becomes  less  as  time  goes  on. 

t  ^  ^  ^^act,  the  products 

of  their  decomposition  (C  and  D)  begin  to  appear,  and  the  con¬ 
centrations  of  C  and  D  steadily  rise.  The  velocity  {V2)  of 
Reaction  2,  which  is  proportional  to  the  concentrations  of  C 
and  D  {v2-k2  [C][D]),  was  zero  at  the  start  (since  C  and  D  were 

absent)  but  becomes  progressively  greater  as  these  products 
accumulate. 

In  view  of  the  fact  that  the  rate  of  one  reaction  is  constantly 
decreasing,  and  the  rate  of  the  other  reaction  constantly  increas¬ 
ing,  the  two  velocities  must  at  some  point  become  equal  When 
that  point  has  been  reached,  the  two  opposing  reactions  are 
taking  place  at  the  same  rate,  and  the  process  will  appear  to 
have  stopped.  It  is  then  said  to  have  come  to  equilibrium. 

*  See  foot-note,  p.  9. 
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Since,  at  equilibrium,  vi  =  V2,  it  is  also  true  that  ki[A][B]  = 
k2[C][D],  and  this  equation  may  be  written  as  follows: 

[A][B]  k2  • 

The  ratio  of  the  two  velocity  constants  (^,  or  is  called  the 

equilibrium  constant  of  the  reaction,  and  it  is  always  the 
same,  for  any  given  reaction,  as  long  as  the  temperature  does 
not  change. 

Ionization  of  Water. — Ordinary  ionization  reactions  are  prac¬ 
tically  instantaneous,  and  come  to  equilibrium  immediately. 
Accordingly,  in  applying  the  Law  of  Mass  Action  to  such  a  case 
as  the  ionization  of  water,  all  that  need  be  considered  is  the 
situation  when  equilibrium  has  been  reached.  In  water,  which 
dissociates  into  hydrogen  and  hydroxyl  ions  (H20^=^H+-f  OH"), 
the  condition  at  equilibrium  is  shown  by  the  following  equation : 

(H+][OH-] 

i  [H2O]  t^^]tOH-]  =  AqH20]. 

Inasmuch  as  the  extent  to  which  water  ionizes  is  very  small 
(corresponding  ivith  the  fact  that  it  is  a  poor  conductor  of  elec¬ 
tricity),  the  concentration  of  undissociated  water,  or  [H2O],  is 
not  appreciably  diminished  because  of  the  ionization,  and  the 
entire  expression  on  the  right  of  the  equation  (A[H20])  has  a 
constant  value,  determined  experimentally  to  be  0.00000000000001, 
or  io~'^,  at  room  temperature  (22°).  That  is, 

IH+][OH-]  =  10-14, 

which  is  the  value  of  the  product  of  the  two  ion  concentrations 
at  that  temperature,  not  only  in  pure  water,  but  in  any  aqtieous 
solution. 

In  pure  water,  there  must  be  equal  quantities  of  positive 
(hydrogen)  and  negative  (hydroxyl)  ions,  or  [H+]  =  [OH-]. 
Consequently, 

[H+][0H-]  =  [H+]2=  10-14  and  [H+]  =  [OH-]  =  lo-^N. 

The  [H+]  and  the  [0H-]  of  pure  water  are  then  both  10“'^  N, 
which  means  that  the  acidity  of  water  is  roughly  one  ten-millionth 
as  great  as  that  of  a  normal  solution  of  hydrochloric  acid  (and 

13 


its  alkalinity  the  same  small  fraction  of  that  of  a  normal  solution 
of  sodium  hydroxid). 

On  this  basis,  neutral,  acid  and  alkaline  solutions  may  be 
redefined  in  more  definite  terms,  as  follows: 


Neutral  solution :  [H+J  =  io“^  N  =  [OH“]. 
Acid  solution :  ^  [H+J  >  io~^  N  >  [OH“]. 
Alkaline  solution :  [H+]  <  io“^  N  <  [OH“]. 


Hydrogen  Exponent. — To  avoid  the  use  of  unwieldy  figures, 
like  that  given  above  (p.  9)  for  the  [H+J  of  tenth  normal  acetic 
acid  (0.00136  N,  or  1.36X10“^  N),  hydrogen  ion  concentrations 
are  now  ordinarily  expressed  as  logarithms.  The  logarithm  of 
i.36Xio“^  =  log  1.36+log  io“^  =  o.i3  +  (  — 3.00)  = —2.87.  This, 
with  the  minus  sign  omitted,  is  called  the  hydrogen  exponent,  or 
p^,  i.e.,  the  p®  of  tenth  normal  acetic  acid  is  2.87.  The  value 
for  the  [H+l  of  any  solution  (aXio~*)  may  be  converted  into 
this  system  by  subtracting  log  a  from  6,  or,  =  6  — log  a.  Below 
are  ^iven  the  hydrogen  exponents  corresponding  with  a  series  of 
hydrogen  ion  concentrations  ranging  from  o.oi  N  to  0.001  N,  to 
illustrate  further  the  relation  between  the  two  methods  of 
expression. 

(H+] 

O.OI  =1X10“^  N  2  —  0.00  =  2.00 


0.009  =  9  X 10“^  N 
o .  008  =  8  X  io~^  N 
0.007  =  7 X 10“^  N 
0.006  =  6X10“^  N 
0.005  =  5X10“^  N 
o.oo4  =  4X  10“^  N 
0.003  =  3 X N 
0.002  =  2  X 10“^  N 
0.001  =  I X 10“^  N 


3-0.95  =  2.05 
3  —  0.90=2.10 
3-0.85  =  2.15 
3  —  0.78  =  2.22 
3  —  0.70  =  2.30 
3  —  o .  60  =  2 . 40 
3-0.48  =  2.52 
3-0.30  =  2.70 
3  —  o .  00  =  3 . 00,  etc. 


It  should  be  observed  that,  because  of  the  omission  of  the 
minus  sign,  the  p®  increases  as  the  [H+]  becomes  less.  Conse- 

*  The  word  “acid”  is  used  both  as  a  noun  and  as  an  adjective,  and  these 
two  uses  must  be  sharply  distinguished.  Water  is  an  acid  (w.)  because  it 
dissociates  into  hydrogen  ions.  It  is  neutral  (that  is,  not  acid  (adj.)  or  alka¬ 
line)  because  neither  the  H-f-  nor  the  OH—  is  in  excess.  Water  is  both  an 
acid  («.)  and  a  base,  but  nothing  can  be  both  acid  (adj.)  and  alkaline. 
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quently  figures  less  than  7  signify  an  acid  reaction,  while  the 
of  alkaline  solutions  is  greater  than  7. 

Ionization  of  Weak  Acids  and  Bases. — The  equilibrium 
equation  for  the  ionization  of  any  weak  acid  may  be  derived  from 
the  Law  of  Mass  Action  in  much  the  same  way  that  the  equation 
for  water  was  obtained.  To  take  a  typical  example,  acetic  acid 
(CH3COOH;=iH++CH3COO~),  we  may  write  to  begin  with, 
exactly  as  in  the  case  of  water: 

[H+]-[CH3C00-] 

[CH3COOH] 

K  in  this  case  is  called  the  “  dissociation  constant  ”  or  “  ionization 
constant  ”  of  acetic  acid,  and  its  magnitude  is  an  indication  of 
the  strength  of  the  acid.  [CH3COOH]  signifies  the  concentration 
of  undissociated  acetic  acid.  The  corresponding  term  in  the 
equation  for  water  was  [H2O],  which  was  considered  to  be  a 
con|tant,  since  the  “  concentration  ”  of  water,  when  nothing 
but* water  is  present,  can  hardly  be  altered.  But  here  we  are 
dealing  with  a  substance  (acetic  acid)  dissolved  in  water,  and  its 
concentration  may  vary  within  very  wide  limits. 

Since  K  must  remain  constant,  any  change  in  one  of  the  terms 
in  the  above  equation  must  be  compensated  by  a  change  in  the 
others.  If  [CH3COO“]  is  increased  {e.g.,  by  the  addition  of 
sodiiun  acetate,  which  dissociates  into  Na"^  and  CH3C00“), 
there  must  be  an  increase  in  [CH3COOH]  and  a  decrease  in  [H+]. 
What  happens  is  that  the  ionization  of  the  acetic  acid  is  repressed, 
by  some  of  the  H+  and  CH3C00“  recombining  to  form  undis¬ 
sociated  acetic  acid  (H+-|-CH3COO“— >CH3COOH). 

When  alkali  {e.g.,  sodium  hydroxid)  is  added  to  a  solution  of 
acetic  acid  (as  in  the  process  of  titration),  sodium  acetate  is 
immediately  formed,  and  here  also  the  result  is  a  mixture  of 
acetic  acid  and  sodium  acetate.  The  [H+J  at  any  stage  of  this 
titration  can  be  found  by  means  of  the  equation : 

[H^][CH3C00-]_ 

[CH3COOH] 

In  a  sufficiently  dilute  solution  of  acetic  acid  and  sodium  acetate, 
[CH3C00“]  is  practically  equal  to  the  concentration  of  sodium 


*  It  is  only  with  weak  acids  that  this  sort  of  equation  holds, 
for  example,  is  not  a  constant. 


[H+11C1-] 

[HQ] 
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acetate  (because  the  latter  is  virtually  all  ionized),  and  [CH3COOH] 
is  practically  the  same  as  the  concentration  of  free  acetic  acid 
(because  this  is  almost  completely  in  the  undissociated  form). 
The  equation  may  then  be  simplified  to: 

,rT..i  [acetic  acid] 

[H+]  =  A  •— - 

[Na  acetate] 


or,  in  general,  for  a  mixture  of  any  weak  acid  and  its  salt: 


[H+]  =  K- 


[acid]  g 
[salt] 


This  shows  that  the  [H+]  of  such  a  mixture  of  weak  acid  and 
salt  is  determined  by  the  ratio  of  the  concentrations  of  acid  and 
salt. 

For  example,  in  a  half-neutralized  acetic  acid  solution,  con¬ 
taining  equivalent  amounts  of  acetic  acid  and  sodivun  acetate, 
[a(^id]  =  [salt],  and  so  [H+]  =  /C.  That  is,  when  one-half  of  one 
eqmvalent  of  a  strong  alkali  has  been  added  to  any  dilute  solution 
of  a  weak  monobasic  acid,  the  [H+]  is  equal  to  the  dissociation 
constant  of  the  acid. 

Similar  considerations  apply  to  weak  bases.  Here  the  equation 
becomes : 


[OH-]  =  iC- 


[base] 
[salt]  ’ 


and  this  may  be  used  in  the  same  way  to  find  the  alkalinity  of 
the  solution  of  a  partially  neutralized  base. 

The  dissociation  constants  of  a  number  of  important  sub¬ 
stances  are  given  below: 


Hippuric  acid 

2.2 

Xio-4 

Uric  acid 

1.5X10“® 

Acetoacetic  acid 

i-S 

Xio-4 

Carbonic  acid 

3.0X10“’’ 

Lactic  acid 

1.4 

Xio-4 

Primary  phosphate 

2.0X  10“^ 

Acid  oxalate 

30 

Xio-5 

Boric  acid 

6.6  X 10“’® 

/3-Hydroxybutyric  acid 

2.0 

Xio-5 

Ammonia 

i.8Xio“® 

Acetic  acid 

1.85  X  io~® 

‘  If  the  solution  is  not  very  dilute,  the  salt  will  not  be  completely  ionized, 
and  [CHsCOO”)  will  actually  be  equal  to  [salt]X  a  (where  a  is  the  degree 
of  dissociation  of  the  salt).  A  more  exact  equation  is  therefore  the  following: 
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Indicators. — Indicators  are  organic  substances,  themselves 
either  weak  acids  or  weak  bases,  with  the  particular  characteristic 
that  the  conversion  of  the  free  acid  or  base  into  its  salt  involves  not 
only  the  simple  change  corresponding  with  the  formation  of 
sodium  acetate  from  acetic  acid,  or  of  ammonium  chlorid  from 
ammonium  hydroxid,  but  also  a  deep-seated  alteration  in  the 
molecule  that  modifies  the  color  of  the  substance.  An  indicator 
consequently  has  one  color  in  strongly  acid  solution,  and  a 
different  color  in  strongly  alkaline  solution.  The  precise  [H+J 
at  which  the  change  from  one  color  to  the  other  occurs  depends 
upon  the  individual  properties  of  the  indicator,  and  the  number 
of  such  substances  is  sufficiently  large  so  that  finding  a  suitable 
one  for  any  purpose  is  in  most  instances  merely  a  matter  of 
selection.  The  following  diagram  shows  the  turning-points  of 
several  commonly  used  indicators. 


1 

Methyl 

1  1 

Methyl 

.1 

Litmus 

1 

Phenol- 

orange 

1 

1  1 

phthalein 

i  Mr' 

1  Congo 

1  I  1 

i 

1 

1 

Alizarin 

1  red 

i 

1  ! 
Neutral 

l""  1 

1 

Thymol 

blue 

1 

1 

Thymol 

1  1 

1  Bromphenol 

1 

i 

1 

Brom- 

Ipv,  J 

Phenol] 

1 

1 

blue 

I  blue 

1 

cresol 

1  red 

1 

1 

1 

j  1 

1  1 

1 

1 

purple 

1 

1  1 

1  1 

1 

1 

123  4  5678  9  10 

pH 


Titration  of  Strong  Acid  with  Strong  Base. — The  course  of 
the  changes  in  hydrogen  ion  concentration  taking  place  during 
the  titration  of  any  acid  is  a  convenient  guide  to  the  selection  of 
a  suitable  indicator  that  will  give  accurate  results.  These  changes 
are  most  clearly  shown  by  plotting  the  volirme  of  added  alkali 
against  the  p^.  The  curves  so  obtained  incidentally  reveal,  in 
a  graphic  manner,  certain  characteristics  of  the  solutions  of 
partially  neutralized  weak  acids  by  virtue  of  which  they  are 
able  to  assist  in  maintaining  the  body  fluids  at  a  constant  degree 
of  alkalinity. 

The  construction  of  such  a  curve  for  the  titration  of  a  strong 
acid  (HCl)  with  a  strong  base  (NaOH)  amoimts  merely  to  finding 
the  concentration  of  acid  left  unneutralized  at  each  stage  of  the 
titration,  making  a  small  allowance  for  incomplete  ionization 
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when  the  solution  is  not  very  dilute,  and  converting  the  result 
into  terms.  Fig.  i  represents  the  titration  of  loo  c.c.  of  acid, 
the  volume  being  assumed  to  remain  unchanged. 

In  the  titration  of  normal  hydrochloric  acid  (broken  line  at 
the  left),  the  [H"'']  at  the  start  is  somewhat  less  than  normal 
(since  the  ionization  is  not  quite  complete),  and  the  is  accord¬ 
ingly  a  little  more  than  O.  When  'go  c.c.  of  alkali  (normal)  have 
been  added,  one-tenth  of  the  acid  is  left,  and  its  concentration 


is  one-tenth  as  great  as  at  the  beginning  {i.e.,  o.i  N).  The 
at  that  point  is  consequently  about  i.  When  99  c.c.  of  alkali 
have  been  added,  the  concentration  of  hydrochloric  acid  remain¬ 
ing  is  0.01  N,  and  the  p^  is  2.  Finally,  when  only  o.  i  c.c.  of  acid 
is  left,  the  p^  has  increased  by  one  more  unit,  to  3.  This  is 
more  clearly  seen  from  Fig.  2,  which  shows  the  end  of  the  titra¬ 
tion  on  a  much  larger  scale,  since  it  includes  only  the  last  cubic 
centimeter  of  alkali. 
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The  volume  of  alkali  used  so  far  (99.9  c.c.)  is  within  o.i  per 
cent,  of  the  theoretical  amount  for  complete  neutralization,  and 
that  is  as  accurate  as  any  ordinary  volumetric  titration  can  be 
made.  Nevertheless,  the  solution  is  still  very  distinctly  acid. 

The  remaining  o.i  c.c.  of  alkali  carries  the  through  four 
units  to  the  neutral  point  (p“  7),  since  it  is  then  nothing  but 
a  solution  of  sodium  chlorid,  and  an  equal  quantity  (0.1  c.c.) 
of  alkali  in  excess  changes  the  p”  by  another  four  units,  to  ii. 
This  very  rapid  change  in  p"  at  the  end  of  the  titration  (indi- 


Fig.  2. 


cated  by  the  horizontal  character  of  the  curve  at  that  stage) 
is  a  necessary  condition  for  a  sharp  end-point  in  any  titration. 
In  this  case,  titrating  to  a  anywhere  between  3  and  n  will 
give  a  result  within  0.1  per  cent,  of  the  theoretical,  and  any 
indicator  that  changes  color  within  that  wide  range  can  be  used. 
Methyl  orange,  alizarin  red  and  phenolphthalein  (see  figure)  all 
turn  within  these  limits,  and  in  fact  most  common  indicators  do, 
so  almost  any  indicator  will  suffice  for  this  particular  titration. 
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When  the  acid  and  alkali  are  tenth  normal  instead  of  normal, 
the  [H+]  at  each  stage  of  the  titration  up  to  the  neutral  point 
is  one-tenth  as  great  as  before,  and  the  one  unit  higher.  The 
same  degree  of  accuracy  as  in  the  preceding  case  (o.i  per  cent.) 
here  calls  for  an  indicator  turning  within  limits  that  are  less 
by  one  vmit  at  either  end,  i.e.,  between  4  and  10.  Alizarin 
red  and  phenolphthalein  still  meet  the  requirements,  while  methyl 
orange  is  on  the  border-line — it  will  give  results  of  the  maximum 
accuracy  only  if  the  titration  is  continued  to  the  full  yellow  color 
of  the  indicator  (methyl  orange  being  red  in  strongly  acid  solution, 
and  yellow  in  alkaline  solution). 

With  o.oi  N  solutions,  the  limits  have  diminished  to  the 
range  between  5  and  9,  and  methyl  orange  is  no  longer  accurate. 
Alizarin  red  is  still  within  the  range,  and  so  is  phenolphthalein, 
provided  that  the  alkali  is  essentially  free  from  carbonate.  The 
absorption  of  carbon  dioxid  (itself  a  weak  acid)  from  the  air 
H)y  standard  alkali  is  one  of  the  most  frequent  causes  of  trouble 
in  alkalimetric  titrations,  and  it  is  a  source  of  error  that  becomes 
progressively  more  troublesome,  since  a  little  carbon  dioxid  gets 
into  the  alkali  every  time  the  bottle  is  opened.  On  that  account 
it  is  very  important  to  avoid  any  unnecessary  exposure  of  standard 
alkali  solutions  to  the  atmosphere. 

Titration  of  Weak  Acid  with  Strong  Base. — This  case  may 
be  illustrated  by  the  titration  of  acetic  acid  with  soditun  hydroxid, 
and  the  curve  (Figs,  i  and  2)  is  totally  different  from  the  curve 
for  hydrochloric  acid. 

To  begin  with,  since  the  acid  is  a  weak  one,  the  [H+]  at  the 
start,  before  any  alkali  has  been  introduced,  is  much  less  (and 
the  greater).  The  addition  of  the  first  trace  of  alkali  results 
in  the  formation  of  sodium  acetate,  and  salts  of  this  kind,  even 
of  weak  acids,  are  almost  completely  dissociated.  Small  as  the 
degree  of  ionization  of  the  acetic  acid  is  to  begin  with,  it  is 
still  further  repressed  by  the  acetate  ions  from  the  sodium 
acetate.  The  fall  in  acidity  at  the  beginning  of  the  titration 
is  for  this  reason  comparatively  rapid,  i.e.,  rapid  by  comparison 
with  the  same  stage  of  the  hydrochloric  acid  titration.  But, 
for  the  same  reason,  it  presently  becomes  comparatively  very 
slow,  and  the  curve  correspondingly  steep.  That  is  because  the 
repression  of  the  ionization  of  the  acetic  acid,  brought  about  in 
the  manner  described,  soon  reaches  the  point  where  the  acid  is, 
for  all  practical  purposes,  not  ionized  at  all.  The  alkali  added 
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at  this  stage  is  virtually  all  used  up  in  neutralizing  a  large  amount 
of  practically  undissociated  acid,  and  the  change  in  acidity  is 
much  slower  than  at  the  same  [H+]  in  the  hydrochloric  acid 
titration,  where  the  alkali  neutralizes  a  small  amount  of  com¬ 
pletely  dissociated  acid. 

The  acetic  acid  curve  is  different  also  at  the  end.  When 
exactly  one  equivalent  of  alkali  has  been  added,  the  solution  is 
simply  a  solution  of  sodium  acetate.  Sodium  acetate,  being  a 
salt  of  a  strong  base  with  a  weak  acid,  is  partly  decomposed  by 
water,  as  follows : 

CHaCOONa^CHaCOO-  -1-  Na+ 

+ 

H+  -bOH- 

11 

CH3COOH 

This  is  called  salt  hydrolysis,  and  the  result  here  is  the  formation 
of  acetic  acid,  which  is  nearly  all  undissociated,  and  sodium 
hydroxid,  which  is  nearly  all  dissociated.  This  provides  an 
excess  of  hydroxyl  ions,  and  sodium  acetate  solutions  are  conse¬ 
quently  alkaline. 

Because  of  this  salt  hydrolysis,  the  correct  end-point  in  the 
titration  of  any  weak  acid  with  a  strong  base  is  on  the  alkaline 
side  of  the  neutral  point,  and  the  more  so  the  weaker  the  acid 
(Fig.  2).  The  consequence  is  that  phenolphthalein  can  be  used 
in  such  titrations,  while  methyl  orange  and  alizarin  red  cannot, 
for  their  turning  points  are  passed  long  before  the  theoretical 
quantity  of  alkali  has  been  added. 

The  curve  for  any  other  weak  monobasic  acid  is  similar  in 
form  to  that  for  acetic  acid,  but  it  will  lie  as  a  whole  farther  to 
the  left  or  right,  depending  upon  whether  the  acid  is  stronger 
or  weaker  than  acetic.  Fig.  i  shows  a  part  of  the  curve  for  lactic 
acid,  which  is  about  ten  times  as  strong  as  acetic  acid. 

It  will  be  seen  from  the  figure  that  the  acetic  acid  curve, 
except  at  the  two  ends,  is  practically  the  same  whether  the  solu¬ 
tion  is  N,  o.  I  N,  or  o.oi  N.  That  is  so  because  the  [H+]  of  a 
mixture  of  a  weak  acid  and  its  salt  is  determined  almost  entirely 
by  the  ratio  of  the  two  constituents,  and  only  to  a  minor  degree 
by  the  total  concentration  of  electrolyte. 

Titration  of  Strong  Acid  with  Weak  Base. — ^Strictly  speak¬ 
ing,  this  is  a  type  of  titration  that  is  practically  never  necessary, 
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but  all  ordinary  alkalimetric  determinations  of  nitrogen  really 
amount  to  the  same  thing,  for  they  consist,  in  the  final  stage, 
in  the  titration  of  hydrochloric  acid  with  sodiiun  hydroxid  in  the 
presence  of  ammonium  chlorid.  The  situation  is  almost  the  same 
as  if  hydrochloric  acid  were  being  titrated  with  ammonium 
hydroxid,  which  is  a  weak  base. 

The  dissociation  constant  of  ammonium  hydroxid  happens 
to  be  almost  equal  to  that  of  acetic  acid.  That  is,  although 
one  is  a  base  and  the  other  an  acid,  they  are  about  equally 


strong.  The  titration  (Figs.  3  and  4)  is  not  affected  by  the 
presence  of  the  weak  base  until  the  end-point  is  approached. 
When  that  stage  has  been  reached,  sodium  hydroxid  begins  to 
liberate  ammonium  hydroxid  from  the  ammonium  chlorid 
(NH4Cl  +  Na0H  =  NH40H-|-NaCl).  The  hydroxyl  ions  of  the 
strong  alkali  combine  with  NH4'^,  and  consequently  have  less 
effect  on  the  p^.  The  cxirve,  as  a  matter  of  fact,  is  the  acetic 
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acid  cur\’e  turned  upside  down,  and  becomes  very  steep  soon 
after  the  full  loo  c.c.  of  sodium  hydroxid  have  been  added. 

For  the  same  reason  that  the  acetic  acid  titration  requires 
an  indicator  turning  on  the  alkaline  side,  this  titration  calls  for 
one  turning  on  the  acid  side  of  the  neutral  point.  Ammonium 


chlorid  is  hydrolyzed  by  water,  forming  a  strong  acid  and  a 
weak  base: 

NH4C1;=±XH4++C1- 

+ 

H2(«)H-  +H+ 

11 

XH4OH 

The  result  is  an  excess  of  H+,  and  ammonium  chlorid  solutions 
are  therefore  acid  in  reaction. 

Methyl  orange  changes  color  before  the  effect  of  the  ammonium 
chlorid  becomes  e%’ident,  and  alizarin  red  does  so  before  the 
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effect  has  become  sufficiently  marked  to  influence  the  results 
seriously.  Phenolphthalein,  on  the  other  hand,  is  quite  useless, 
since  its  turning  point  is  not  reached  until  about  lo  per  cent,  of 
alkali  has  been  added  in  excess. 

Titration  of  Polybasic  Acids. — Polybasic  acids  have  two  or 
more  replaceable  hydrogen  atoms,  and  their  neutralization  by 
alkali  takes  place  in  two  or  more  stages,  the  completion  of  each 
stage  corresponding  wdth  the  formation  of  some  definite  salt. 
Carbonic  acid,  for  example,  has  two  replaceable  hydrogen  atoms, 
and  so  has  two  series  of  salts :  bicarbonate  and  carbonate 
(NaHCOs,  Na2C03).  The  neutralization  of  carbonic  acid  by 
sodium  hydroxid  takes  place  in  two  steps : 

H2C03+Na0H  =  NaHC03. 

NaHC03  +  NaOH  =  Na2C03. 

The  titration  curve  in  a  case  like  this  is  simply  a  combination 
of  two  curves,  each  representing  one  of  the  steps  in  the  neutraliza¬ 
tion.  The  first  of  the  two  (Fig.  5)  is  similar  in  form  to  the  acetic 
acid  curve,  but  farther  to  the  right,  since  carbonic  acid  is  a 
weaker  acid  than  acetic.  It  is  also  foreshortened  vertically— 
since  only  one-half  of  the  total  replaceable  hydrogen  in  carbonic 
acid  is  involved  in  this  first  step,  its  curve  extends  only  from 
o  to  50  c.c.  of  alkali. 

Because  carbonic  acid  is  a  weak  acid,  sodium  bicarbonate 
solutions  are  alkaline,  and  carbonic  acid  may  be  titrated  through 
the  first  half  of  its  neutralization,  using  the  color  change  of 
phenolphthalein  as  the  end-point.  The  end-point  is  less  sharp 
than  in  the  case  of  acetic  acid,  and  that  is  generally  the  case 
with  polybasic  acids,  for  the  second  step  in  neutralization  begins 
before  the  first  is  fully  completed.  On  that  account  the  curve 
at  the  end-point  is  never  quite  as  nearly  horizontal  as  it  is  with 
monobasic  acids. 

The  turning  point  of  alizarin  red  comes  on  a  steep  part  of 
the  carbonic  acid  curve,  and  this  indicator  is  useless  here.  Methyl 
orange  changes  color  at  the  very  beginning  of  the  curve,  and  it 
can  consequently  be  used  when  the  titration  is  made  in  the 
opposite  direction,  i.e.,  by  running  standard  acid  into  a  solution 
of  bicarbonate  or  carbonate. 

In  the  second  step  of  the  neutralization,  the  acid  is  sodium 
bicarbonate  (an  acid  salt).  It  is  so  weak  an  acid  that  a  sharp 
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end-point  cannot  be  obtained  under  any  circumstances;  there¬ 
fore  it  cannot  be  titrated  with  alkali  at  all. 

Since  the  titration  curve  of  carbonic  acid  is  not  a  horizontal 
line  between  the  turning  points  of  methyl  orange  and  phenolph- 
thalein,  the  reason  why  standard  sodium  hydroxid  contaminated 
wth  carbonate  does  not  give  the  same  results  with  all  indicators 
when  used  for  the  titration  of  a  strong  acid  is  apparent. 


The  titration  curve  of  phosphoric  acid  is  also  shown  in  Fig.  5. 
This  acid  is  tribasic,  and  has  three  series  of  salts:  primary  phos¬ 
phate  (NaH2P04),  secondary  phosphate  (Na2HP04),  and  tertiary 
phosphate  (Na3P04).  Its  curve  is  accordingly  in  three  parts,  of 
which  only  the  first  two  are  important. 

Phosphoric  acid  may  be  titrated  to  the  turning  point  of  either 
methyl  orange  or  phenolphthalein.  In  the  first  case,  only  one- 
third  of  the  replaceable  hydrogen  wall  be  neutralized,  and  in  the 
second  case  two-thirds.  That  is  because  the  [H+]  of  a  solution 
of  primary  phosphate  happens  to  coincide  approximately  with 
the  turning  point  of  methyl  orange,  while  the  [H'*']  of  a  solution 
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of  secondary  phosphate  happens  to  be  about  where  phenolph- 
thalein  turns  pink. 

The  accuracy  of  such  titrations  as  these,  where  the  end-point 
is  not  particularly  well  defined,  may  often  be  considerably 
increased  by  titrating  to  match  a  standard  color  consisting  of  a 
solution  of  known  containing  the  same  amoimt  of  indicator 
as  in  the  solution  being  titrated,  and  adjusted  to  the  same 
volrune.  This  is  merely  a  special  case  of  the  determination  of 
hydrogen  ion  concentration  (see  page  49). 

Buffer  Mixtures. — In  the  intermediate  stage  of  the  titration 
of  any  weak  acid  or  base,  the  change  in  caused  by  the  addi¬ 
tion  of  a  given  quantity  of  alkali  or  acid  is  relatively  small. 
This  characteristic  of  partially  neutralized  weak  acids  and  bases, 
while  often  very  troublesome  in  analytical  operations  because  of 
the  resulting  indeterminate  nature  of  the  end-point,  is  turned 
to  advantage  in  the  body.  Such  solutions  are  called  buffer 
solutions  or  buffer  mixtures,  and  their  presence  in  the  tissues 
helps  to  prevent  the  occurrence  of  anything  but  very  slight 
variations  in  the  p^.  The  principal  buffers  provided  for  this 
purpose  are  (i)  carbonic  acid -f bicarbonate,  (2)  primary  phos¬ 
phate-1- secondary  phosphate,  (3)  protein -j- sodium  proteinate  (or 
some  other  protein  salt). 

I.  Calibrations, — The  volumetric  ware  now  available  is  not 
always  accurate  enough  for  the  work  of  this  course.  Some 
approximate  calibrations  are  therefore  necessary. 

At  least  I  pipet  should  be  calibrated  by  weight.  Clean  a 
20  c.c.  pipet  with  "cleaning  fluid”  and  rinse.  Weigh  a  clean 
and  empty,  but  not  necessarily  dry,  100  c.c.  volumetric  flask 
within  an  accuracy  of  2  mg.  Fill  the  pipet,  adjust  the  lower 
part  of  the  meniscus  exactly  at  the  mark,  and  transfer  the 
contents  to  the  weighed  flask,  allowing  them  to  drain  for  15  sec¬ 
onds  against  the  inside  of  the  flask.  Weigh  again  to  within  an 
accuracy  of  2  mg.  One  c.c.  of  water  may  be  assumed  to  weigh 
997  mg.  The  slight  fluctuations  due  to  variations  in  room 
temperature  may  be  neglected.  Calculate  the  correct  volume 
of  the  pipet.  Clean  a  glass-stoppered  buret  with  cleaning 
fluid,  rinse,  fill  to  the  mark  with  distilled  water,  empty  down 
to  the  25  c.c.  mark  and  let  drain  for  2  minutes.  Then  adjust 
the  meniscus  exactly  to  the  25  c.c.  mark  and  be  sure  that  the 
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sides  of  the  buret  above  the  water  are  entirely  free  from  drops 
of  adhering  water.  Now  run  in  20  c.c.  from  the  calibrated 
l)ipet.  Compare  the  reading  obtained  with  the  correct  value. 
If  the  divergence  seems  large  consult  the  instructor.  Ne.xt 
calibrate  the  5  c.c.  pipet  by  transferring  its  contents  5  times 
to  the  buret,  beginning  with  the  meniscus  in  the  latter  at  the 
25  c.c.  mark.  Record  each  reading,  but  note  particularly  where 
the  fourth  comes.  If  the  5  c.c.  pipet  is  inaccurate,  make  a  new 
temporary  mark  on  the  stem  and  repeat.  Incidentally  record 
the  value  of  each  5  c.c.  portion  of  the  buret.  The  10  c.c. 
and  the  25  c.c.  pipets  can  also  be  calibrated  by  the  help  of  the  buret. 

For  calibrating  the  larger  pipets,  calibrate  first  i  dry  100  c.c. 
volumetric  flask  with  the  most  accurate  20  or  25  c.c.  pipet, 
making,  if  necessary,  a  new  temporary  mark  on  the  stem  of  the 
flask.  When  this  flask  is  again  dry,  use  it  for  checking  up  the 
values  of  a  50  or  a  100  c.c.  pipet.  The  volumetric  flasks  larger 
than  100  c.c.  need  not  be  calibrated.  If  a  flask  is  rinsed  with 
a  little  alcohol  and  left  to  drain  over  night  it  will  usually  be 
found  to  be  perfectly  dry  the  following  day. 

2.  Preparation  of  .5  N  Oxalic  Acid  (500  c.c.). — The  useful¬ 
ness  of  oxalic  acid  as  a  starting  point  for  the  preparation  of 
standard  acids  and  alkalis  is  due  entirely  to  the  fact  that  it 
can  be  obtained  chemically  pure  and  in  condition  suitable  for 
direct  weighing.  Oxalic  acid  is,  however,  not  a  strong  enough 
acid  to  titrate  well  with  all  the  common  indicators,  and  it  is 
therefore  not  serviceable  for  acidimetric  titrations  in  general. 
But  by  means  of  oxalic  acid  and  with  phenolphthalein  as 
indicator,  standard  solutions  of  a  strong  alkali,  like  caustic 
soda,  can  be  obtained,  and  by  means  of  the  latter  standard 
solutions  of  the  stronger  mineral  acids  can  then  be  prepared. 

Weigh  accurately  (to  the  fourth  decimal)  a  small,  clean, 
and  dry  beaker  or  large  crucible.  Then  add  to  the  weights 
on  the  balance  pan  15.7560  g.,  and  add  oxalic  acid  to  the  vessel 
on  the  other  side  until  exact  equilibrium  is  reached.  Dissolve 
in  distilled  water  this  oxalic  acid  without  the  loss  of  a  single 
crystal.  The  acid  dissolves  rather  slowly.  The  solution  is, 
therefore,  best  made  in  a  beaker  by  the  aid  of  gentle  heating 
with  about  250  c.c.  water.  Transfer  every  drop  of  the  solution 
to  a  measuring  flask  (500  c.c.),  carefully  rinsing  the  last  traces 
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from  the  beaker  into  the  flask  by  means  of  successive  small 
amounts  of  cold  distilled  water.  Cool  the  flask  in  running  tap 
water  until  the  contents  of  the  flask  have  reached  the  room 
temperature.  (If  a  thermometer  is  used,  it  must  be  rinsed 
carefully  before  it  is  removed  from  the  flask.)  Fill  up  wdth 
water  until  the  lower  side  of  the  “meniscus”  is  exactly  even  with 
the  500  c.c.  mark.  Stopper  the  flask,  and  invert  several  times 
(30-40)  so  that  the  solution  is  thoroughly  mixed.  Transfer  to  a 
clean  bottle  previously  rinsed  with  the  solution  ;  label  and  preserve. 

Using  a  strong  base  like  sodium  hydroxid  and  a  sensitive 
indicator  like  phenolphthalein  for  the  titration,  it  is  possible 
to  obtain  quite  reliable  and  accurate  results  with  oxalic  acid. 
The  volumetric  determinations  involved  in  metabolism  studies 
and  urine  analysis  are,  however,  extensively  based  on  titrating 
ammonia,  which  is  a  very  weak  base.  Phenolphthalein  is 
useless  in  titrations  of  ammonia.  The  oxalic  acid  and  the 
phenolphthalein  are  therefore  used  only  for  the  purpose  of 
securing  a  standard  alkali  solution. 

3.  Preparation  of  Standardized  Sodium  Hydroxid. — The 
sodium  hydroxid  used  for  titrations  must  be  as  free  as  pos¬ 
sible  from  carbonates,  because  otherwise  the  solutions  will 
not  have  the  same  titrating  value  with  all  the  common  indi¬ 
cators.  Sodium  hydroxid  rapidly  absorbs  carbon  dioxid  from 
the  atmosphere  and  should  therefore  not  be  exposed  to  the 
air  more  than  is  unavoidable.  As  the  carbonates  are  insoluble 
in  very  strong  sodium  hydroxid  solutions,  clear  saturated 
solution  should  be  used  as  starting  point  for  the  preparation 
of  standard  solutions. 

Transfer  about  60  c.c.  of  clear  saturated  sodium  hydroxid 
solution  to  a  large  bottle  and  add  about  1,500  c.c.  of  water. 
To  determine  the  exact  value  of  this  solution  it  is  only  neces¬ 
sary  to  find  out  how  much  of  it  is  required  for  the  neutrali¬ 
zation  of  a  known  volume  of  the  half  normal  oxalic  acid  solution. 

Rinse  the  20  c.c,  pipet  with  the  oxalic  acid  solution  and 
then  measure  20  c.c.  into  a  beaker  or  flask.  Add  two  drops 
of  indicator  (i  per  cent,  alcoholic  solution  of  phenolphtha¬ 
lein). 

Rinse  a  buret  with  the  alkali,  fill  it  and  cover  with  a  test 
tube.  After  carefully  adjusting  the  meniscus  of  the  solution 
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to  the  zero  point,  run  it  into  the  oxalic  acid  solution  more 
and  more  cautiously  toward  the  end  until  finally  one  single 
drop  produces  a  definite  and  stable  end  point.  Note  the  vol¬ 
ume  of  alkali  required  (within  0.05  c.c.).  Repeat  the  titration 
until  two  successive  ones  give  exactly  the  same  value. 

From  the  titration  figure  obtained  calculate  the  normality 
of  the  solution  and  how  much  of  it  must  be  taken  for  the 
preparation  of  i  liter  of  tenth  normal  alkali. 

As  a  check  on  the  w’ork,  determine  the  normality  of  an 
unknown  hydrochloric  acid  solution  (furnished),  using  as 
indicator  (a)  phenolphthalein,  (b)  alizarin  red  (2  drops  of  i 
per  cent,  aqueous  solution).  A  dated  and  signed  report  on 
the  unknown  should  be  handed  in  before  making  the  tenth 
normal  alkali.  Label  and  preserve  the  standardized  alkali 
solution. 

4.  Standardized  Hydrochloric  Acid. — Concentrated  hydro¬ 
chloric  acid  is  approximately  a  10  N  solution  of  HCl.  With 
a  cylinder  transfer  60  c.c.  of  concentrated  hydrochloric  acid 
to  a  quart  or  liter  bottle;  add  water  to  within  about  i  inch 
from  the  neck  and  shake  very  thoroughly.  It  is  preferable, 
but  not  absolutely  necessary,  to  let  the  shaken  solution  stand 
over  night  before  titrating. 

Titrate  this  acid  in  the  same  way  as  the  oxalic  acid  solu¬ 
tion,  but  using  only  alizarin  red  as  indicator.  Calculate  the 
normality,  and  how  much  of  it  must  be  taken  for  the  prepa¬ 
ration  of  I  liter  of  tenth  normal  acid.  Label  and  preserve. 

5.  Tenth  Normal  Acid  and  Alkali. — From  the  standardized 
solutions  of  acid  and  alkali  prepare  i  liter  of  tenth  normal 
hydrochloric  acid  and  i  liter  of  tenth  normal  alkali.  Titrate 
the  acid  so  prepared  (20  c.c.)  with  the  tenth  normal  alkali. 
The  two  should  be  equivalent.  Determine  the  normality  of 
an  unknown  acid  with  the  tenth  normal  alkali.  Hand  in  a 
dated  and  signed  report  giving  the  value  obtained  for  the 
unknown  and  giving  also  the  titration  figures  for  the  tenth 
normal  acid. 

Label  and  preserve  the  tenth  normal  solutions.  The  two 
alkali  solutions  do  not  always  keep  their  value  unchanged 
because  more  or  less  alkali  is  given  off  by  the  glass  containers, 
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The  hydrochloric  acid  solutions  keep  indefinitely.  If  dis¬ 
crepancies  are  found  later  between  the  acid  and  the  alkali, 
the  acid  should  be  taken  as  correct. 

6.  Strong  and  Weak  Acids;  the  Use  of  Different  Indi 
cators. — (A)  Titrate  20  c.c.  tenth  normal  hydrochloric  aci 
with  the  tenth  normal  alkali,  using  as  indicator  (a)  phenol- 
phthalein  (b)  methyl  orange  (c)  alizarin  red.  Repeat  the 
above  mentioned  three  titrations  in  the  presence  of  10  c.c. 
ammonium  chlorid  solution  (2  per  cent.).  Repeat  the  titra¬ 
tion  with  each  indicator,  using  in  place  of  the  hydrochloric 
acid  (a)  20  c.c.  .iN  phosphoric  acid  (b)  20  c.c.  .iN  lactic 
acid  (without  addition  of  NH^Cl). 

Record  of  titrations  in  tabular  form : 

Phenolphthalein :  Methyl  orange:  Alizarin  red. 

c.c. — End  point."  c.c. — End  point,  c.c. — End  point. 

HCl: 

HQ  NH,Q : 

Phosphoric 

acid : 

Lactic  acid: 

(B)  Dilute  10  c.c.  tenth  normal  hydrochloric  acid  to  100 
c  c.,  making  an  approximately  o.oi  N  solution.  (Measuring 
cylinders  are  accurate  enough  for  the  dilutions  referred  to 
here.) 

From  this  o.oi  N  solution  prepare  four  100  c.c.  portions  of 
more  dilute  acids,  viz.:  0.001  N;  0.0004  N;  0.0001  N;  0.00001 
N.  Arrange  in  a  row  four  test  tubes,  as  nearly  as  possible  of 
the  same  size,  and  transfer  to  each  one  5  c.c.  of  one  of  the 
four  dilute  acid  solutions.  To  the  contents  of  each  tube  add 
one  drop  (no  more)  of  a  0.15  per  cent,  alcoholic  solution  of 
tetrabromophenolsulfonephthalein  (“bromphenol  blue”),  and 
compare  the  colors.  The  approximate  hydrogen  concentra¬ 
tions  of  these  solutions  are  as  follows: 


Cr  pH 

o.cxji  N .  10-’  3.0 

0.0004  N .  4X10-^  3.4 

0.0001  N .  io-‘  4.0 

0.00001  N .  10-^  5.0 


®  Sharp,  fair  or  indeterminate. 
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Add  the  same  amount  of  indicator  to  (a)  5  c.c.  o.ooi  N 
lactic  acid,  (b)  5  c.c.  0.001  N  acetic  acid,  (c)  5  c.c.  0.001  M 
monopotassium  phosphate.  Determine  the  approximate  />"  of 
each  of  these  three  solutions  by  comparing  their  colors  with 
the  dilute  hydrochloric  acid  solutions.  Although  the  total 
acid  concentration  is  the  same  in  the  0.001  N  solutions  of 
hydrochloric,  lactic,  and  acetic  acids,  and  monopotassium 
phosphate  (an  acid  salt),  the  hydrogen  ion  concentration  (and 
therefore  the  degree  of  dissociation)  is  obviously  different  in 
each  case.  In  any  such  series  of  acid  solutions  of  the  same 
total  concentration  (0.001  N  in  this  instance),  the  hydrogen  ion 
concentration  is  less  (and  the  />“  greater)  the  weaker  the  acid. 

7.  Acidity  of  Gastric  Contents. — The  acidity  of  the  normal 
stomach  contents  is  due  almost  wholly  to  hydrochloric  acid. 
In  pure  gastric  juice,  the  concentration  of  hydrochloric  acid 
is  about  0.15  N,  but  the  acidity  of  the  material  usually  found 
in  the  stomach  is  less,  as  a  result  of  dilution  and  partial 
neutralization.  When,  under  abnormal  conditions,  the  con¬ 
centration  of  hydrochloric  acid  becomes  very  low,  certain 
micro-organisms  are  able  to  grow  in  the  stomach  contents, 
producing  lactic  acid.  It  is  nevertheless  an  easy  matter  to 
distinguish  between  a  relatively  low  concentration  of  hydro¬ 
chloric  acid  and  a  relatively  high  concentration  of  lactic  acid, 
since  the  latter  is  a  much  weaker  acid. 

To  5  c.c.  o.oi  N  hydrochloric  acid  in  a  test  tube  add  just 
5  drops  of  a  0.04  per  cent,  aqueous  solution  of  thymol  blue. 
Add  the  same  amount  of  indicator  to  (a)  5  c.c.  0.001  N  hydro¬ 
chloric  acid,  and  (b)  5  c.c.  o.l  N  lactic  acid.  Compare  the 
colors.  The  hydrogen-ion  concentration  of  the  o.i  N  lactic 
acid  should  be  less  than  that  of  the  o.oi  N  hydrochloric  acid. 

8.  Colorimetric  Determination  of  Hydrogen-Ion  Concen¬ 
tration. — The  hydrogen-ion  concentration  of  most  biological 
fluids  is  considerably  less  than  in  the  solutions  tested  in  the 
preceding  experiments,  and  dilute  hydrochloric  acid  solutions 
cannot  be  used  here  as  standards,  cmdng  to  the  ease  with 
which  the  p“  is  changed  by  slight  contamination.  Instead,  it 
is  necessary  to  have  a  series  of  standard  buffer  mixtures, 
whose  is  not  readily  altered. 
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A  suitable  set  of  stock  solutions  from  which  to  prepare  such 
standards  is:  0.2  M  monopotassium  phosphate,  0.2  M  acetic  acid, 
0.2  M  boric  acid  (containing  also  0.2  M  potassium  chlorid),  and  0.2 
M  sodium  hydroxid.  The  sodium  hydroxid  solution  must  be  prac¬ 
tically  free  from  carbonate,  and  should  not  contain  calcium  or 
barium.  The  compositions  of  the  standard  mixtures  (diluted  to  200 
c.c.  in  each  case)  are  given  in  the  table  below.  These  mixtures, 
once  made  up,  can  be  relied  upon  for  only  about  one  week,  but  the 
stock  solutions  from  which  they  are  prepared  should  keep  indefi¬ 
nitely  in  receptacles  of  resistance  glass,  except  the  sodium  hydroxid 
solution,  which  will  gradually  increase  in  strength  unless  kept  in  a 
paraffined  bottle. 

The  determination  is  carried  out  as  follows:  Measure  5 
c.c.  of  water  ^  into  a  lest  tube,  and  add  4  or  5  drops  of  the 
unknown  solution,  followed  by  3  drops  (no  more)  of  phenol 
red  solution.  Compare  the  color  with  the  set  of  standards.® 
In  case  the  color  is  beyond  the  limits  for  phenol  red  on  either 
side,  repeat  with  the  next  indicator  in  order  (see  table), 
until  the  unknowm  has  been  correctly  matched  against  one  of 
the  standards.  Do  not  try  more  than  one  indicator  at  a  time. 
The  />”  reading  may  be  made  to  one-tenth  unit  by  adding  or 
subtracting  o.i  in  case  the  color  lies  definitely  between  two 
consecutive  standards. 

For  very  accurate  work,  the  standard  and  the  unknown 
must  contain  about  the  same  salt  concentration. 

Determine,  in  the  manner  described,  the  hydrogen  ion  con¬ 
centration  of  two  unknowns  (supplied).  The  same  method 
will  later  be  applied  to  urine.  In  determining  the  hydrogen 
ion  concentration  of  urine,  precautions  must  be  taken  to 
prevent  loss  of  carbon  dioxid. 


’’  In  this  work,  pipets  should  never  be  blown  out,  and  water  should  not 
be  taken  from  a  wash  bottle  that  has  been  blown  into,  since  a  small  amount 
of  carbon  dioxid  readily  spoils  the  result. 

•  A  series  of  diluted  standard  mixtures,  with  the  indicators  already  added 
will  keep  for  a  short  time,  and  offers  the  most  convenient  arrangement  when 
a  great  many  determinations  are  being  made  simultaneously.  Pyrex 
test  tubes  must  be  used. 


Indicator:  METHYL  RED  * 


50  c.c.  0 

2  M  CH3COOH  and 

23.0  c.c.  0.2  M  NaOH 

4.6 

50  c.c. 

29.0  c.c.  “ 

4.8 

50  c.c. 

(  t 

34  -5  c.c. 

5-0 

50  c.c. 

(  i 

38.5  c.c. 

5-2 

50  c.c. 

t  < 

42.5  c.c.  “ 

5-4 

50  c.c. 

(  ( 

45.0  c.c.  “ 

5-6 

*  Dimcthylaminoazobenzene-o-carboxylic  acid  (0.4  per  cent,  alcoholic  solution;  use  a 
drops). 


Indicator:  BROMCRESOL  PURPLE  f 


50  c.c.  0. 

2  M  KH3PO4 

and  3 . 7  c.c.  0 . 

,  2  M  NaOH 

5-8 

SO  c.c. 

<  ( 

5  •  7  c.c. 

<  < 

6.0 

50  c.c. 

(  ( 

8.6  c.c. 

(  ( 

6.2 

50  c.c. 

(  < 

12.6  c.c. 

<  ( 

6.4 

50  c.c. 

(  i 

17.8  c.c. 

(  ( 

6.6 

t  Dibromo-o-cresolsulfonephthalein  (0.04  per  cent,  aqueous  solution  of  monosodium  salt; 
use  2  drops). 


Indicator:  PHENOL  RED  * 


50  c.c.  0 

2  M  KH3PO4 

and  23.6  c.c.  0.2  M  NaOH 

,6.8 

50  c.c. 

i 

29.6  c.c.  “ 

'7.0 

50  c.c. 

( 

35.0  c.c. 

7.2 

50  c.c. 

( 

39.5  c.c. 

7-4 

50  c.c. 

( 

42.8  c.c.  “ 

7.6 

50  c.c. 

(  ( 

45.2  c.c.  “ 

7-8 

50  c.c. 

t 

46.8  c.c. 

8.0 

*  Phenolsulfonephthalein  (0.02  per  cent,  aqueous  solution  of  monosodium  salt;  uses 
drops). 


Indicator:  THYMOL  BLUE  f 


50  c.c.  0 . 

2  M  H3B0.,,KC1  and 

5.9  c.c.  0. 

2  M  NaOH 

8.2 

50  c.c. 

(  < 

8 . 5  c.c. 

<  ( 

8.4 

so  c.c. 

(  ( 

12.0  c.c. 

<  ( 

8.6 

50  c.c. 

{  ( 

16.3  c.c. 

(  < 

8.8 

50  c.c. 

(  ( 

21 .3  c.c. 

(  < 

9.0 

t  Thymolsulfonephthalein  (0.04  per  cent,  aqueous  solution  of  monosodium  salt;  use  4 
drops) . 


9.  Special  Test  for  Hydrochloric  Acid. — Gunzberg’s  re¬ 
agent  (2  g.  phloroglucin  and  i  g.  vanillin  in  lOO  c.c.  alcohol) 
is  very  reliable  as  a  means  of  distinguishing  between  hydro¬ 
chloric  acid  and  lactic  or  other  organic  acids.  The  reaction 
is  best  carried  out  as  follows: 

Transfer  5-6  drops  of  the  reagent  to  a  shallow  evaporating 
dish,  and  evaporate  to  dryness  over  a  water  bath  consisting 
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simply  of  a  beaker  of  boiling  water.  The  alcoholic  solution 
spreads  all  over  the  dish,  leaving  a  thin  coating  of  the  dry 
reagent.  By  means  of  pipets,  or  glass  tubes  drawn  out  like 
pipets,  transfer  one  drop  of  .01  N  hydrochloric  acid  to  one 
side  of  the  dish,  and  on  another  side  deposit  one  drop  of  .1 
N  lactic  acid,  and  again  place  the  dish  on  the  water  bath.  A 
purplish  ring  is  quickly  formed  around  the  hydrochloric  acid 
drop  while  the  lactic  acid  remains  colorless. 

Heating  over  the  flame  may  be  substituted  for  the  water 
bath,  but  the  least  overheating  tends  to  obscure  the  reaction 
by  charring.  This  reaction  is  extensively  used  in  the  exami¬ 
nation  of  stomach  contents. 

10.  Special  Test  for  Lactic  Acid. — More  or  less  specific 
tests  for  lactic  acid  arc  known  and  are  considered  important 
because  of  the  frequency  with  which  lactic  acid  is  found  in 
the  stomach  contents  of  those  suffering  from  carcinoma  of  the 
stomach.  A  convenient  yet  reliable  method  is  the  following: 

To  5-10  c.c.  of  .1  N  lactic  acid  (or  filtered  stomach  juice) 
in  a  large  test  tube  add  a  few  drops  (.5  c.c.)  of  normal  hydro¬ 
chloric  acid  and  about  10  c.c.  of  ether.  By  cautiously  invert¬ 
ing  the  test  tube  during  3  to  4  minutes  (taking  care  to  avoid 
explosions  due  to  expanding  ether  vapors)  the  lactic  acid  is 
in  part  taken  up  by  the  ether.  By  means  of  a  25  c.c.  or  50 
c.c.  pipet  and  suction,  remove  the  lower  aqueous  layer  as 
completely  as  possible.  Decant  the  remaining  ether  into 
another  test  tube  so  as  to  free  it  from  the  few  drops  of 
aqueous  solution  not  taken  out  by  the  pipet.  Then  add  to 
the  ether  solution  .2  per  cent,  ferric  chlorid  solution,®  a  little 
at  a  time  with  shaking,  until  the  maximum  yellow  color  is 
obtained.  The  amount  of  solution  added  and  the  depth  of  the 
color  obtained  give  a  rough  index  as  to  the  amount  of  lactic 
acid  present. 

Old,  deep  colored,  ferric  chlorid  solutions  frequently  fail 
to  give  the  test  for  lactic  acid.  By  the  addition  of  hydro¬ 
chloric  acid,  in  the  proportion  of  i  c.c.  concentrated  acid  to 
5  c.c.  of  10  per  cent,  ferric  chlorid  solution,  the  pale  color  of 
the  latter  and  its  value  as  a  reagent  for  lactic  acid  are  restored. 


•  10  c.c.  of  10  per  cent,  ferric  chlorid  solution  in  400-500  c.c.  of  tap  water. 
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One  cubic  centimeter  of  acidified  lo  per  cent,  ferric  chlorid 
solution  diluted  with  40-50  c.c.  of  tap  water  gives  a  suitable 
solution  for  the  test. 

II.  Nitrogen  Determination  in  Ammonium  Salts. — The 
most  convenient  and  useful  analysis  of  nitrogenous  products 
of  physiological  significance  is  the  determination  of -the  nitro¬ 
gen.  The  nitrogen  of  such  products  can  be  split  off  by 
hydrolysis  in  the  form  of  ammonia,  which  can  then  be  deter¬ 
mined  by  distillation  and  subsequent  titration. 

In  a  small  beaker  weigh  (to  the  fourth  decimal)  3  to  3.5  g. 
pure  ammonium  sulphate.  The  salt  contains  traces  of  water 
(0.5  to  1  per  cent.),  unless  it  has  been  dried  by  heating 
1  to  2  hours  at  about  110°  C. ;  it  should  be  kept  in  a  desiccator 
over  sulphuric  acid.  Dissolve  the  salt  without  the  loss  of  a 
single  crystal  in  a  500  c.c.  volumetric  flask,  add  i  to  2  c.c. 
concentrated  hydrochloric  acid,  and  fill  up  to  the  mark  with 
water.  The  acid  is  added  to  keep  out  moulds.  Mix  thor¬ 
oughly  and  transfer  to  a  dry  bottle,  or  to  a  bottle  freshly 
rinsed  twice  with  about  25  c.c.  of  the  solution. 

This  solution  should  be  stoppered,  labeled,  and  preserved  as  a 
standard  solution.  It  is  used  to  check  up  the  accuracy  of  ammonia 
determinations  and  sulphate  determinations,  and  later  for  colori¬ 
metric  nitrogen  determinations. 

By  means  of  a  pipet  transfer  25  c.c.  of  the  ammonium  sul¬ 
phate  solution  to  a  300  c.c.  Kjeldahl  flask.  Add  with  a  cylinder 
75  c.c.  of  water,  and  add  also  a  small  pinch  of  talcum  powder 
(to  prevent  bumping  during  the  boiling).  Put  the  flask  in  a 
clamp  so  that  the  bottom  is  about  i  cm.  above  the  top  of  a 
micro  burner. 

Transfer  25  c.c.  of  tenth  normal  h)Mrochloric  acid  to  a  300 
c.c.  Florence  flask ;  add  water  enough  to  make  a  volume  of 
about  150  c.c.  and  add  two  or  three  drops  of  indicator  (alizarin 
red). 

The  indicator  is  added  at  the  beginning  so  that  if  by  any 
chance  the  ammonia  distilled  over  is  more  than  enough  to  neu¬ 
tralize  the  acid,  that  fact  is  at  once  revealed.  When  this  happens 
add  more  standard  acid  (10  or  25  c.c.). 

Add  about  5  c.c.  of  saturated  sodium  hydroxid  solution  to 
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the  contents  in  the  Kjcldahl  flask  and  connect  immediately  by 
means  of  a  rubber  stopper  and  glass  tubes  with  the  receiver 
containing  the  acid.  Light  the  burner  without  delay,  to  pre¬ 
vent  back  suction,  and  boil  vigorously  for  not  less  than  7  min¬ 
utes,  counting  from  the  time  the  boiling  begins.  Withdraw 
the  receiver  so  that  the  delivery  tube  is  well  above  the  liquid 
before  removing  the  flame.  Cool  the  receiver  in  running  tap 
water.  Titrate  the  remaining  uncombined  acid  with  tenth 
normal  alkali.  Frcrm  the  hgures  obtained  calculate  the  amount 
of  nitrogen  recovered  (in  milligrams)  and  compare  with  the 
theoretical  figure  which  the  amount  of  ammonium  sulphate 
taken  should  give. 

Tn  calculating  the  nitrogen  from  the  titration  figures,  the  amount 
of  acid  combined  with  the  ammonia  can  be  regarded  as  a  tenth  nor¬ 
mal  nitrogen  solution,  each  cubic  centimeter  of  which  accordingly 
represents  1.4,  or  more  accurately  1.401,  milligram  nitrogen.  Ex¬ 
ample:  25  c.c.  .1  N  HCl  was  the  original  amount  of  acid  in  the 
receiver.  After  the  distillation  the  titration  of  the  distillate  re¬ 
quired  2.1  c.c.  of  .1  N  NaOH.  The  ammonia  had  therefore  neutral¬ 
ized  25-2.1  or  22.9  c.c.  of  the  tenth  normal  acid,  22.9X1.4=32.06 
(milligrams  nitrogen). 

12.  KjeldahTs  Method  for  Determining  Nitrogen. — In  a 

100  c.c.  volumetric  flask  dissolve  i  to  1.5  g.  accurately  weighed 
urea.  Add  a  few  drops  (0.5  to  i  c.c.)  concentrated  hydro¬ 
chloric  acid,  and  make  the^ volume  up  to  100  c.c.,  mix,  and 
transfer  to  a  clean  and  dry  bottle,  label,  and  preserve. 

When  organic  substances  are  boiled  with  strong  sulphuric  acid 
both  oxidation  and  hydrolysis  take  place.  The  oxidation  occurs  at 
the  expense  of  the  oxygen  in  the  sulphuric  acid,  and  the  latter  is 
consequently  reduced.  The  sulphurous  fumes  thus  produced  are 
very  irritating  to  the  mucous  membranes  of  the  nose  and  throat. 
The  digestion  must,  therefore,  be  made  in  a  hood  having  a  reason¬ 
ably  good  draft. 

Instead  of  a  hood  a  “fume  absorber”  can  be  used.  By  the  help 
of  an  ordinary  water  pump  (of  glass)  the  fumes  are  then  partly 
aspirated  directly  into  the  drain  pipes,  and  the  remainder  is  col¬ 
lected  in  the  lower  part  of  the  fume  absorber. 

In  Kjeldahl’s  method  sulphuric  acid  is  used  for  the  de¬ 
structive  digestion,  but  other  substances  are  added  to  hasten 
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the  process.  These  accessory  substances  act  either  as  cata¬ 
lyzers  (copper  sulphate  or  mercury)  or,  when  added  in  large 
quantities,  they  raise  the  temperature  and  thus  hasten  the 
digestion.  Potassium  sulphate  (5  to  20  g.)  is  most  commonly 
used  for  the  purpose  of  raising  the  temperature.  In  the  modi¬ 
fication  here  described,  a  mixture  of  sulphuric  acid  (i  volume) 
with  phosphoric  acid  (3  volumes)  is  substituted  for  sulphuric 
acid.  This  mixture  gives  a  very  high  temperature,  but  it  acts 
on  glass  much  more  rapidly  than  sulphuric  acid  alone  and  can 
not,  therefore,  be  used  except  in  connection  with  digestions 
w'hich  can  be  completed  in  a  few  minutes.  It  is  probably  the 
best  for  the  destructive  digestion  of  urine.  Also,  only  5  c.c. 
are  taken  for  each  digestion  instead  of  15  to  20  c.c.,  the  amount 
required  in  the  case  of  sulphuric  acid. 

The  acid  mixture  is  prepared  as  follows:  To  50  c.c.  of  a 
5  per  cent,  copper  sulphate  solution  add  300  c.c.  of  85  per  cent, 
phosphoric  acid  and  mix.  Add  100  c.c.  of  concentrated  sul¬ 
phuric  acid  (free  from  the  least  trace  of  ammonia),  mix,  and 
cover  well,  to  prevent  absorption  of  ammonia  from  the 
air. 

A  10  per  cent,  solution  of  ferric  chlorid  is  also  required. 

When  urea  is  decomposed  by  means  of  boiling  concen¬ 
trated  sulphuric  acid,  it  is  simply  hydrolyzed  into  carbonic 
acid  and  ammonia  and  a  solution  of  ammonia  in  a  very  large 
excess  of  acid  is  obtained.  I'he  presence  of  all  this  acid  must 
be  taken  into  account  when  preparing  to  remove  the  ammonia 
by  distillation.  (The  amount  of  alkali  required  should  be 
determined  by  a  rough  titration  of  5  c.c.  of  the  acid  dissolved 
in  500  to  700  c.c.  of  tap  water,  adding  the  saturated  alkali  with 
a  measuring  cylinder.)  A  20  to  30  per  cent,  excess  of  alkali 
should  be  added  for  the  distillation. 

With  a  pipet  transfer  3  c.c.  of  the  urea  solution  (or  urine) 
to  a  Kjeldahl  flask  (capacity  300  c.c.)  ;  add  5  c.c.  of  the  phos¬ 
phoric  sulphuric  acid  mixture  and  2  c.c.  of  ferric  chlorid  solu¬ 
tion  ;  add  also  3  or  4  pebbles,  to  prevent  bumping.  Fix  the 
flask  in  a  clamp  (in  a  hood)  so  that  the  bottom  is  only  about 
I  cm.  above  the  top  of  a  micro  burner.  Boil  with  a  full  flame 
until  all  the  water  is  driven  ofif  and  the  flask  becomes  filled 
with  white,  dense  fumes.  At  this  point  cover  the  mouth  of 
the  flask  with  a  watch  glass  and  note  the  time.  Continue 
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the  heating  (without  changing  the  flame)  for  two  minutes. 
At  the  end  of  two  minutes  reduce  the  flame;  the  white  fumes 
should  now  be  confined  within  the  flask.  With  the  small  flame 
the  heating  is  continued  for  two  minutes,  making  a  total 
boiling  period  of  four  minutes,  counting  from  the  time  the 
mouth  of  the  flask  was  closed.  Remove  the  flame  and  let 
cool  for  not  less  than  four,  nor  more  than  five,  minutes  and 
then  add,  with  a  cylinder,  50  c.c.  of  water.  If  the  cooling 
process  is  made  too  long  the  contents  in  the  flask,  now  chiefly 
metaphosphoric  acid,  solidify  and  then  do  not  mix  well  with 
water. 

The  ammonia  is  to  be  distilled  into  a  receiver.  The  latter 
should  contain  from  25  to  75  c.c.  of  tenth  normal  acid,  the 
amount  depending  on  how  much  ammonia  is  expected.  The 
receiver  should  also  contain  water  enough  to  make  a  volume 
of  about  150  c.c.  Without  adding  more  water  to  the  hot  acid 
solution  in  the  Kjeldahl  flask,  introduce  the  necessary  alkali, 
usually  15  c.c.  of  saturated  sodium  hydroxid,  and  connect 
promptly  with  the  receiver.  With  the  bottom  of  the  flask 
only  about  i  cm.  from  the  top  of  the  micro  burner,  boil  vigor¬ 
ously  for  five  minutes,  counting  from  the  time  the  solution 
begins  to  boil  hard.  At  the  end  of  five  minutes,  withdraw  the 
receiver,  allowing  it  first  to  rinse  itself  with  steam  for  a  few 
seconds.  Beginners  can  advantageously  replace  the  receiver 
with  another  flask  or  a  beaker  containing  100  c.c.  of  water, 
indicator,  and  a  drop  of  tenth  normal  acid,  and  continue  dis¬ 
tillation  for  two  or  three  minutes,  so  as  to  be  sure  that  none 
of  the  ammonia  failed  to  get  into  the  first  receiver. 

Cool  the  first  distillate,  titrate,  and  compare  the  nitro¬ 
gen  value  obtained  with  the  theoretical  figure  which  the  urea 
should  give. 

The  process  for  the  determination  of  the  total  nitrogen  in 
urine  (5  c.c.)  is  exactly  the  same  as  the  process  described 
above  for  urea.  In  urine  there  is,  however,  considerable  com¬ 
plex  organic  matter  to  be  oxidized  and  some  charring  and 
foaming  is  encountered.  With  urine  it  is  usually  necessary 
to  have  not  less  than  50  c.c.  of  acid  in  the  receiver  to  begin 
with.  The  total  nitrogen  is  likely  to  be  from  20  to  30  times 
as  much  as  the  ammonia  nitrogen  found  by  the  permutit  or 
aeration  process  (p.  119). 
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13-  Determination  of  Nitrogen  in  Uric  Acid. — Transfer 
50  to  70  mg.  of  pure  uric  acid  to  a  clean,  dry  test  tube.  Weigh 
the  test  tube  and  uric  acid  (to  the  fourth  decimal).  Shake 
most  of  the  uric  acid  into  a  Kjeldahl  flask,  and  again  weigh 
accurately  the  empty  test  tube.  The  diflference  between  the 
two  weighings  is  the  amount  of  uric  acid  taken.  In  the  same 
way,  charge  another  Kjeldahl  flask  with  50  to  60  mg.  of  uric 
acid. 

To  each  flask  add  5  c.c.  of  the  phosphoric  sulphuric  acid 
mixture  described  in  the  preceding  section.  Digest,  distill,  and 
titrate,  as  in  the  case  of  urea.  Calculate  the  absolute  and  per¬ 
centage  amount  of  nitrogen  and  compare  with  the  theoretical 
figures. 


PART  II 


CATALYSIS,  CATALYZERS,  ENZYMES 

1.  Hydrogen-Ion.^ — In  each  of  two  test  tubes  place  about 
5  c.c.  of  2  per  cent,  cane  sugar  solution.  To  one  add 
5  c.c.  of  half  normal  hydrochloric  acid,  to  the  other  5  c.c.  of 
water.  Heat  both  in  a  beaker  of  boiling  water  for  ten  min¬ 
utes.  Cool.  Transfer  5  c.c.  of  a  sugar  reagent  (alkaline 
copper  solution)  to  a  test  tube,  add  about  one-half  c.c.  of  one 
of  the  heated  cane  sugar  solutions  and  boil  i  to  2  minutes. 
Repeat  with  the  other  cane  sugar  solution. 

Cane  sugar  when  split  by  hydrolysis  yields  reducing 
sugars. 

2.  Hydroxyl-Ion. — Fill  a  small  test  tube  up  to  within 
about  I  cm.  from  the  top  with  i  per  cent,  tannic  acid  solution. 
Add  a  few  drops  sodic  hydrate  solution,  mix  quickly,  and  let 
stand  for  a  few  minutes. 

3.  Metallic  Salts.— -To  i  c.c.  of  urine  in  each  of  two  Kjel- 
dahl  flasks  add  5  c.c.  concentrated  sulphuric  acid.  To  one 
add  a  crystal  of  copper  sulphate.  Heat  to  gentle  boiling  for 
10  minutes  to  20  minutes.  Compare  the  rate  of  disappearance 
of  the  brown  color. 

4.  Pepsin. — Prepare  a  pepsin  solution  from  the  mucous 
membrane  of  a  pig’s  stomach  as  follows:  Strip  off  the  mucous 
membrane  from  a  pig’s  stomach,  mix  with  300  c.c.  of  approxi¬ 
mately  decinormal  hydrochloric  acid  (the  “concentrated 
hydrochloric  acid”  is  approximately  a  10  N  solution)  in  a 
wide-mouth  bottle  capacity  900  to  1,000  c.c.),  and  let  stand  over 
night.  Remove  by  decantation  75  c.c.  of  the  stomach  extract. 
To  the  remaining  mixture  in  the  bottle  add  5  to  10  c.c.  of  chlo- 
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reform,  cork  tightly,  shake  vigorously  for  a  few  seconds,  label, 
and  place  in  an  incubator.  The  stomach  will  digest  itself  and 
give  a  solution  suitable  for  the  later  study  of  peptones. 

Suspend  a  piece  of  egg  albumen,  or  a  Mett  tube,  in  the 
top  of  each  of  the  following  solutions : 

(a)  5  c.c.  consisting  of  one  part  of  juice  to  3  parts  .1  N 

hydrochloric  acid. 

(b)  5  c.c.  of  juice  diluted  as  in  (a)  and  heated  in  a  water 

bath  at  a  temperature  of  75°  for  15  minutes. 

Put  all  the  solutions  in  an  incubator  (the  warm  room) 
over  night.  Note  the  results  and  explain. 

5.  Trypsin. — Free  a  beef  pancreas  from  fat,  cut  up  fine, 
and  weigh ;  transfer  to  wide-mouth  bottle  and  add  3  c.c.  10 
per  cent,  alcohol  for  each  gram  of  pancreas.  Add  5  c.c.  of 
chloroform,  cork  tightly,  shake,  and  set  aside  for  two  or  three 
days. 

Then  take  out  25  to  35  c.c.  of  the  clear  liquid  and  pour  on  a 
filter.  Stopper  tightly  again,  and  put  the  bottle  in  the  warm 
room  (or  incubator)  to  be  preserved  for  later  experiments 
on  “amino-acids.”  Test  the  filtered  portion  of  the  pancreatic 
extract  for  its  digestive  power  on  egg  albumen  (Mett’s  tubes). 

6.  Urease. — i.  Heat  a  water  bath  to  from  50  to  55°  C. 
Transfer  35  c.c.  of  tenth  normal  hydrochloric  acid,  2  drops  of 
alizarin  red,  and  115  c.c.  of  water  to  a  300  c.c.  Florence  flask. 

Transfer  5  c.c.  of  2  per  cent,  urea  solution  to  a  300  c.c. 
Kjeldahl  flask.  Add  2  c.c.  of  neutral  phosphate  mixture  (0.2M 
primary  phosphate  and  0.3M  secondary  phosphate;  />“  7.0). 
Mix  and  then  add  2  c.c.  of  5  per  cent,  alcoholic  Jack  bean 
extract;  stopper  tightly;  place  the  flask  in  water  bath 
at  50  to  55°  and  shake  gently  for  i  or  2  minutes  to  promote 
speedy  warming.  Continue  the  urease  digestion  for  exactly 
10  minutes. 

Cool  the  flask  to  promote  condensation  of  ammonia  vapors; 
then  add  50  c.c.  of  water,  5  to  7  drops  of  paraffin  oil  (to  pre¬ 
vent  foaming)  and  2  g.  of  borax.  Connect  at  once  with  the 
receiver,  as  in  nitrogen  determinations;  distill  for  6  to  8  min¬ 
utes.  Cool  and  titrate. 

Calculate  how  much  of  the  urea  was  decomposed. 
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2.  Repeat  the  experiment  described  under  i,  but  substitute 
a  water-bath  temperature  of  75  to  80°  C.  Be  sure  that  75°  is 
reached  before  adding  the  urease. 

3.  Repeat  at  room  temperature,  15  to  20°  C. 

4.  Repeat  at  room  temperature,  but  substitute  2  c.c.  of  acid 
phosphate  (0.5M  primary  phosphate  and  0.006M  secondary 
phosphate ;  />”  5.0)  for  the  neutral  phosphate. 

5.  Repeat  with  2  c.c.  of  alkaline  phosphate  (0.004M  pri¬ 
mary  phosphate  and  0.5M  secondary  phosphate;  />"  9-o). 

6.  Add  2  c.c.  of  mercuric  chlorid  solution  or  of  Nessler’s 
reagent  to  a  previously  rinsed  Kjeldahl  flask.  Shake  for  one 
or  two  minutes.  Pour  out  the  mercury  solution  and  rinse  the 
flask  three  or  four  times  with  water.  With  the  apparently 
clean  flask  repeat  either  i  or  3.  Very  small  traces  of  mer¬ 
cury  destroy  urease  as  well  as  many  other  enzymes. 

7.  Reversible  Reactions  (Mass  Law). — Mix  5  c.c.  methyl 
acetate,  100  c.c.  w-ater,  and  i  drop  concentrated  sulphuric  acid 
in  a  small  flask  (200  to  300  c.c.). 

(a)  Titrate  5  c.c. 

(b)  Boil  for  about  5  minutes,  using  reflux  condenser. 
Cool,  remove  5  c.c.,  titrate  the  acidity  (what  indicator?), 
and  calculate  the  acidity  for  100  c.c. 

Continue  the  boiling  for  one  hour,  and  repeat  the  titration. 

(c)  Mix  5  c.c.  of  glacial  acetic  acid  wdth  100  c.c.  of  methyl 
alcohol,  and  add  one  drop  of  concentrated  sulphuric  acid. 
Remove  5  c.c.,  dilute  this  with  water,  and  titrate  the  acidity. 
Introduce  the  preparation  into  a  250  c.c.  flask  attached  to  a 
reflux  condenser,  and  boil  for  two  hours.  Cool,  remove  5  c.c., 
dilute,  and  titrate  as  before. 
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PART  III 


FATS 

1.  Solubility  of  Fats. — Test  the  solubility  of  tallow  in 
water,  5  per  cent.  NaOH,  ether,  chloroform,  and  alcohol,  care¬ 
fully  avoiding  the  vicinity  of  a  flame. 

Let  a  drop  of  the  ether  solution  fall  on  paper,  and  note 
the  result. 

Dissoh’e  in  3  c.c.  of  warm  benzene  enough  tallow  to  give 
a  moderate  precipitate  on  cooling.  Place  some  of  the  pre- 
cii)itate  on  a  slide  under  a  cc'ver  glass,  examine,  and  describe. 
Note  especially  the  shape  of  the  ends  of  the  individual 
crystals. 

2.  ‘Todin  Number.”  Degree  of  Unsaturation  of  Fats; 
Wys’  Method. — Start  simultaneously  the  determination  of  the 
iodin  number  of  cottonseed  oil  and  beef  tallow.  Weigh  about 
.3  g.  of  cottonseed  oil,  or  about  i  g.  of  beef  tallow,  into  a 
250  c.c.  flask,  and  dissolve  in  chloroform  (10  c.c.).  Add  25 
c.c.  Wys’  iodin  solution  with  a  pipet,  stopper,  and  put  in  a 
dark  place  for  half  an  hour.  Add  15  c.c.  of  10  per  cent,  potas¬ 
sium  iodid,  and  dilute  with  100  c.c.  of  water,  titrate  the  excess 
of  iodin  (partly  in  solution  in  the  water,  partly  in  the  chloro¬ 
form)  with  .1  N  sodium  thiosulphate,  by  running  the  latter 
into  the  flask  until,  after  repeated  shaking,  both  the  chloro¬ 
form  and  the  watery  solution  are  but  faintly  straw  colored. 
Then  add  a  few  drops  of  i  per  cent,  starch  solution,  and  con¬ 
tinue  the  titration  to  the  disappearance  of  the  blue  color.  For 
dependable  results  a  50  per  cent,  excess  of  iodin  must  be 
present. 

While  waiting  for  absorption  to  take  place,  the  value  of 
the  iodin  solution  may  be  determined  in  terms  of  .1  N  thio¬ 
sulphate  by  adding  KI  and  titrating  in  the  same  way  as  above. 
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The  difference  between  the  two  values  represents  the  amount 
of  iodin  absorbed  by  the  fat,  and  is  calculated  in  grams  of 
iodin  per  lOO  g.  of  fat. 

Example : 

•3  g.  cottonseed  oil,  when  treated  as  above,  required  35  c.c. 
of  .1  N  thiosulphate  for  back  titration. 

25  c.c.  of  the  iodin  solution  required  60  c.c.  of  .1  thio¬ 
sulphate. 

The  oil  therefore  absorbed  iodin  corresponding  to  60 — 35 
=25  c.c.  ,i  N  thiosulphate,  i.e.,  25  c.c.  .1  N  iodin  or  25X 
,0127  g.  Iodin=.3i7  g.  I.  The  Iodin  Number  is,  therefore, 
X.3I7=io5-6. 

Wys'  Iodin  Solution. — Dissolve  13  g.  of  iodin  in  i  liter  of 
glacial  acetic  acid.  Titrate  the  iodin  content  of  the  solution,  and 
then  pass  washed  and  dried  chlorin  gas  into  the  solution  until  the 
titration  number  is  doubled.  A  very  distinct  change  in  the  color  of 
the  solution  indicates  when  this  has  taken  place. 

The  thiosulphate  solution  is  prepared  by  dissolving  24  g.  of  the 
crystallized  salt  in  i  liter  of  water  and  standardizing  it  in  the  usual 
way  (see  page  191). 

3.  Saponification  and  Preparation  of  Fatty  Acids. — Heat 
about  20  g.  of  beef  tallow  with  100  c.c.  of  saturated  alcoholic 
solution  of  sodium  hydrate  on  a  w’ater  bath  over  night,  or 
until  the  residue  is  dry.  To  the  mixture  add  about  300  c.c. 
water  and  heat  to  boiling.  To  the  hot  solution  add  a  few 
drops  of  methyl  orange ;  while  continuing  the  heating  (and 
stirring),  acidify  with  dilute  sulphuric  acid,  and  filter.  Save 
the  filtrate,  which  contains  glycerin,  then  wash  the  fatty  acid 
residue  several  times  with  hot  water.  Throw  away  the  wash¬ 
ings. 

Transfer  the  “glycerol  filtrate”  to  an  evaporating  dish, 
label,  and  place  on  the  water  bath  for  evaporation  to  dryness. 

4.  Solubility  of  Fatty  Acids. — Test  the  solubility  of  the 
fatty  acid  mixture  prepared  from  tallow  in  water,  5  per  cent. 
NaOH,  ether,  alcohol,  and  benzol.  Compare  the  results  with 
those  obtained  with  fat. 

Let  a  drop  of  the  ether  solution  fall  on  paper,  and  note  the 
result. 
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Dissolve  enough  of  the  fatty  acid  mixture  in  warm  alcohol 
to  give  moderate  precipitate  on  cooling.  Exan\ine  the  crystals 
under  the  microscope,  and  describe  as  in  the  case  of  the  fat 
crystals.  Study  also  the  solubilities  of  soap. 

5.  Spontaneous  Saponification  of  Fats. — Dissolve  about  .5 
g.  tallow,  or  a  few  drops  of  oil,  in  10  c.c.  warm  alcohol  in  a 
test  tube  (avoid  fire!).  Add  3  to  4  drops  phenolphthalein  solu¬ 
tion,  and  then,  drop  by  drop,  tenth  normal  sodic  hydrate 
solution  (alcoholic  sodic  hydrate  solution  is  best)  until  the 
indicator  reveals  a  distinctly  alkaline  reaction.  Let  the  mix¬ 
ture  stand  in  a  warm  room  over  night,  and  again  add  alkali 
(drop  by  drop)  until  the  alkaline  reaction  reappears. 

6.  Titration  of  Higher  Fatty  Acids. — Dissolve  about  .2  g. 
fatty  acid  mixture  in  10  c.c.  warm  alcohol  or  benzol  (avoid 
fire!).  Add  3  to  4  drops  phenolphthalein,  and  titrate  with 
tenth  normal  alcoholic  sodic  hydrate  solution  until  an  alkaline 
reaction  is  obtained.  One  cubic  centimeter  of  the  alkali  cor¬ 
responds  to  how  much  fatty  acid? 

7.  Fat  Digestion  with  Lipase  (Castor  Bean). — Remove  the 
shells  from  10  g.  fresh  castor  beans,  break  them  up  as  fine  as 
possible,  and  allow  to  stand  over  night  in  a  loosely  stoppered 
test  tube  full  of  alcohol-ether  mixture.  Pour  ofif,  grind  the 
beans  to  a  powder  in  a  small  mortar,  transfer  to  a  test  tube, 
and  let  stand  under  ether  over  night.  Filter  with  suction, 
and  wash  two  or  three  times  with  small  amounts  of  the  alco¬ 
hol-ether  mixture.  Grind  with  the  powder  in  the  order  named, 
5  c.c.  .1  N  sulphuric  acid  (supplied),  5  c.c.  of  neutral  cotton 
oil  (Sp.  gr.  .92),  and  5  c.c.  lukewarm  water.  The  water 
should  be  added  a  little  at  a  time  and  thoroughly  worked 
into  the  mixture  so  that  at  the  end  of  the  operation  a  good 
emulsion  is  secured.  Cover  the  evaporating  dish,  and  let  stand 
in  a  warm  place  over  night. 

Add  50  c.c.  of  alcohol,  10  c.c.  of  ether,  and  a  few  drops  of 
phenolphthalein,  and  titrate  with  .5  N  sodium  hydrate.  Cal¬ 
culate  the  amount  of  fatty  acid  and  the  per  cent,  of  fat 
digested. 
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8.  Glycerol  and  Acrolein  Test. — This  test  is  usually  made, 
as  described  below,  by  heating  in  crucibles.  There  is  some 
danger  because  of  the  spattering.  This  danger  is  avoided  if 
a  small  porcelain  dish  and  a  funnel  be  substituted  for  the 
crucible.  The  acrolein  fumes  will  then  come  out  through  the 
stem  of  the  funnel.  (W.  Denis.) 

To  about  5  g.  acid  potassium  sulphate  (KHSO4)  in  a  por¬ 
celain  crucible  add  one  drop  of  glycerin,  heat  over  a  direct 
flame,  and  note  the  pungent  odor  and  tear-begetting  quality 
of  the  fumes.  Note  how  much  heat  must  be  supplied  to  secure 
an  unmistakable  test. 

When  the  filtrate  (saved  from  the  saponification  of  beef 
tallow)  has  evaporated  to  dryness,  the  residue  obtained  is 
sodium  sulphate;  mixed  with  it  there  should  be  some  glycerin. 
(How  much  glycerin  might  be  there?) 

Mix  with  a  glass  rod  2  to  3  g.  of  this  residue  with  5  to  6 
drops  concentrated  sulphuric  acid  in  a  dry  crucible,  and  apply 
heat.  If  an  unmistakable  acrolein  test  is  not  obtained,  repeat 
with  more  of  the  residue. 

9.  Emulsification. — Put  i  to  2  c.c.  of  a  solution  of  sodium 
carbonate  (.2  per  cent.)  in  a  watch  glass,  and  place  in  the  cen¬ 
ter  a  drop  of  rancid  oil.  The  oil  soon  shows  a  white  rim,  and  a 
milky  opacity  spreads  over  the  solution.  Note  with  the  micro¬ 
scope  the  active  movements  in  the  vicinity  of  the  fat  drop, 
due  to  the  separation  of  minute  particles  of  oil. 

Examine  a  sample  of  milk  under  the  microscope.  The  fat 
should  be  in  a  state  of  fine  emulsion. 

10.  Cholesterol;  Liebermann’s  Reaction. — Dissolve  a  crys¬ 
tal  of  cholesterin  in  10  c.c.  of  dry  chloroform,  and  to  this  solu¬ 
tion  add  a  few  drops  of  acetic  anhydrid  (formula?)  and 
one  drop  of  concentrated  H2SO4.  Shake.  The  liquid  becomes 
rose  red,  blue,  then  dark  green. 

11.  Problem. — On  the  basis  of  the  solubilities  and  reac¬ 
tions  of  fats,  fatty  acids  and  soaps,  work  out  a  scheme  for 
their  separation  and  identification.  Apply  the  scheme  to  two 
unknowns  furnished.  Hand  in  a  dated  and  signed  report  on 
the  same. 
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PART  IV 


CARBOHYDRATES 

The  numerous  very  old  methods  of  testing  for  sugar,  in¬ 
cluding  Trommer’s  and  Fehling’s,  are  now  only  of  historical 
interest,  except  perhaps  in  connection  with  some  State  Board 
Examinations.  They  are  omitted  here. 

1.  Benedict’s  Test. — One  of  the  best  qualitative  tests  for 
sugar  in  urine  by  means  of  copper  solutions  is  the  one 
proposed  by  S.  R.  Benedict.  Benedict’s  reagent  is  so  ad¬ 
justed  that  it  is  rather  more  sensitive  to  dextrose  than  Fehl¬ 
ing’s  solution,  yet  is  not  reduced  by  creatinin  or  uric  acid, 
and  little,  if  at  all,  by  chloroform  (which  is  often  added  as  a 
preservative  to  urine).  Unlike  Fehling’s  reagent  it  consists 
of  a  single  solution.  The  reagent  is  made  as  follows : 

Dissolve  85  g.  sodium  citrate  and  50  g.  anhydrous  sodic 
carbonate  in  400  c.c.  of  water.  Dissolve  8.5  g.  copper  sulphate 
in  50  c.c.  of  hot  water.  Pour  the  copper  sulphate  solution 
slowly,  and  with  stirring,  into  the  alkaline  citrate  solution. 
Filter  if  necessary.  Label  and  preserve. 

Heat  to  boiling  about  5  c.c.  of  Benedict’s  reagent  in  a  test 
tube  together  with  a  pebble  or  two,  to  prevent  bumping.  Add 
about  8  drops?  of  sugar  solution  (or  urine)  and  boil  for  two 
minutes.  If  more  than  two-  or  three-tenths  per  cent,  of  sugar 
is  present,  the  solution  will  be  filled  with  a  colloidal  (greenish, 
yellow,  or  reddish)  precipitate.  With  smaller  amounts  of 
sugar  the  precipitate  will  usually  appear  only  on  cooling. 
(The  cooling  should  not  be  hastened  by  immersion  in  cold 
water.) 

2.  Folin-McEllroy's  Test  for  Sugar. — The  reagent  in  this 
test  is  made  as  follows;  Dissolve  100  g.  of  sodic  pyrophos- 

81 


phate,  30  g.  of  disodic  phosphate  and  50  g.  of  dry  sodium 
carbonate  in  l  liter  of  water  by  the  aid  of  a  little  heat.  Dis¬ 
solve  separately  13  g.  of  copper  sulphate  in  about  200  c.c.  of 
water.  Pour  the  copper  sulphate  solution  into  the  phosphate- 
carbonate  solution  and  shake. 

To  5  c.c.  of  the  solution  in  a  test  tube  add  5  to  8  drops  of 
urine  (never  add  more  than  0.5  c.c.)  and  boil  for  i  to  2  minutes, 
or  heat  in  a  beaker  of  boiling  water  for  3  minutes.  If  more 
than  the  normal  traces  of  sugar  be  present,  the  hot  solution 
will  be  filled  with  a  colloidal  (greenish-yellow  or  reddish) 
precipitate  as  in  Benedict’s  test.  This  test  is  a  trifle  more  sen¬ 
sitive  than  Benedict’s;  therefore  when  working  with  urine, 
only  a  distinctly  positive  test  obtained  with  the  solution  still 
hot  is  to  be  regarded  as  positive. 

3.  Phenylhydrazin  Test  (Osazone  Test). — To  5  to  10  c.c.  of 
2  per  cent,  glucose  solution  in  a  test  tube  add  5  c.c.  of  a 
phenylhydrazin  solution  (containing  5  per  cent,  phenylhy¬ 
drazin  hydrochlorid,  20  per  cent,  sodic  acetate,  and  10  per 
cent,  acetic  acid).  Heat  in  a  beaker  of  boiling  water  for  half 
an  hour.  Let  the  test  tube  remain  in  the  beaker  until  the 
water  has  cooled,  and  examine  the  glucose  osazone  crystals 
under  the  microscope. 

Write  the  reaction  involved  in  the  formation  of  osazone. 

4.  Glucose  Reactions  versus  other  Carbohydrates. — Apply 
one  of  the  copper  reducing  tests,  and  the  phenlyhydrazin  test 
to  .2  per  cent,  solutions  of  arabinose,  levulose,  cane  sugar, 
maltose,  and  lactose. 

5.  Selivanoff’s  Test  for  Ketose-Sugars. — Selivanoff’s  re¬ 
agent  contains  .05  per  cent,  of  resorcin  and  about  12  per  cent, 
of  hydrochloric  acid. 

To  5  to  10  c.c.  of  the  reagent  in  a  test  tube  add  about  i  c.c. 
of  .1  per  cent,  solution  of  levulose,  boil  for  one  minute,  set 
aside  to  cool,  and  note  the  development  of  the  color. 

Repeat  the  test  with  dextrose  and  with  cane  sugar  (and, 
if  desirable,  with  other  dilute  sugar  or  carbohydrate  solu¬ 
tions).  Tabulate  the  results. 
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6.  Test  for  Ketose  Sugars  (Levulose?)  in  Urine. — Collect 
urine  for  one  hour  (preferably  just  before  the  noon  hour). 
Then  take  50  g.  of  cane  sugar  and  collect  urine  for  another 
hour.  Dilute  the  smaller  volume  of  urine  to  that  of  the  larger, 
or  both  to  a  convenient  small  volume.  To  10  c.c.  of  each 
in  a  test  tube  add  5  c.c.  of  10  per  cent,  lead  acetate  solution, 
shake,  and  filter.  Apply  Selivanoff’s  levulose  test  to  about  2 
c.c.  of  each  filtrate.  Record  the  results  obtained. 

If  a  distinct  “levulose”  output  from  the  cane  sugar  is 
obtained,  test  both  urines  for  reducing  sugar,  and  note  whether 
there  appears  to  be  an  increase  of  sugar  in  the  urine  of  the 
second  period. 

7.  Orcin  Test  for  Pentoses. — The  pentose  reagent  is  made 
by  dissolving  i  g.  of  orcin  in  500  c.c.  30  per  cent,  hydrochloric 
acid  (6:1)  and  adding  i  c.c.  of  10  per  cent,  ferric  chlorid  solu¬ 
tion. 

Heat  5  c.c.  of  the  orcin  solution  to  boiling  in  a  test  tube. 
Remove  from  the  flame,  and  add  (immediately)  i  c.c.  i  per 
cent,  solution  of  arabinose. 

Repeat,  adding  i  c.c.  .2  per  cent,  arabinose  solution. 

Note  the  color  (violet,  blue,  red,  green)  and  the  formation 
of  a  precipitate. 

Repeat  with  i  per  cent,  arabinose  solution  previously 
diluted  (a)  with  4  volumes  of  urine  (b)  with  4  volumes  i  per 
cent,  glucose  solution. 

Repeat  (a)  with  urine  alone  (b)  with  i  per  cent,  glucose 
solution  (c)  with  i  per  cent,  cane  sugar  solution. 

8.  Fermentation  Test  for  Sugar. — Certain  sugars  (which?) 
are  decomposed  by  yeast  into  carbon  dioxid  and  alcohol.  The 
formation  of  CO2  in  fermentation  has  been  extensively  used 
both  for  ciualitative  studies  and  for  quantitative  determina¬ 
tions  of  sugar.  Except  among  physicians  who  have  not  the 
facilities  for  making  other  tests,  the  fermentation  method  is 
now  seldom  used. 

To  some  .5  per  cent,  sugar  solution  (dextrose,  pentose, 
cane  sugar,  lactose)  in  a  test  tube  add  a  small  piece  of  yeast. 
Shake  to  make  uniform  mixtures,  and  with  each  fill  a  “fer¬ 
mentation  tube.”  Substitute  water  for  sugar  solution  in  a 
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control  test,  and  set  the  tubes  aside  in  a  warm  place  over 
night.  Record  the  results. 

9.  Benedict’s  Method  for  the  Determination  of  Sugar. — 

Prepare  500  c.c.  of  Benedict’s  solution  as  follows;  Dissolve 
9  g.  pure  copper  sulphate  in  a  500  c.c.  volumetric  flask  with 
about  100  c.c.  distilled  water.  Dissolve  50  g.  anhydrous  sodic 
carbonate,  100  g.  sodium  citrate,  and  50  g.  sodium  sulphocya- 
nate  in  250  c.c.  distilled  water.  The  copper  sulphate  must  be 
weighed  accurately  on  the  analytical  balance.  Pour  the  cop¬ 
per  solution,  slowly,  wdth  stirring  and  without  loss  of  a  single 
drop,  into  the  alkaline  citrate  solution.  Then  pour  the  mixed 
solution  back  into  the  measuring  flask  without  loss,  add  5 
c.c.  5  per  cent,  potassium  ferrocyanid  solution,  and  with  the 
rinsings  make  the  total  volume  up  to  500  c.c.  Mix,  transfer 
to  a  clean,  dry  bottle,  label,  and  preserve.  Twenty-five  cubic 
centimeters  of  the  solution  corresponds  to  50  mg.  of  dextrose, 
52  mg.  of  levulose,  67  of  lactose,  or  74  of  maltose. 

The  determination  is  carried  out  as  follows: 

Measure  25  c.c.  of  Benedict’s  solution  into  a  porcelain  dish, 
add  5  to  10  g.  of  solid  sodic  carbonate,  heat  to  boiling,  and 
while  boiling,  run  in  the  sugar  solution  (or  urine)  fairly  rap¬ 
idly  until  a  white  precipitate  begins  to  form.  Then  add  the 
solution  more  slowly  (with  slower  boiling)  until  the  last  trace 
of  the  blue  color  disappears.  The  addition  of  the  sugar  solu¬ 
tion  should  be  done  at  such  a  speed  that  the  boiling  solution 
is  kept  nearly  constant  in  volume  during  the  operation.  The 
original  sugar  solution  (or  urine),  if  concentrated,  should  be 
diluted  so  that  not  less  than  10  c.c.  will  be  required  to  give 
the  amount  of  sugar  which  the  25  c.c.  of  reagent  is  capable 
of  oxidizing. 

Five  divided  by  the  volume  of  sugar  solution  taken  gives 
the  per  cent,  of  sugar.  Check  the  value  of  the  reagent  by 
determining  the  sugar  in  .5  per  cent,  dextrose  solution. 

10.  New  Method  for  Titration  of  Sugar. — {See  Journ.  Biol. 
Chem.,  33,  513,  1918;  38,  287,  1919.) 

I.  Alkaline  phosphate  mixture.  Powder  in  a  large  mortar 
200  g.  of  crystallized  disodic  phosphate  (HNa2P04ii2H20), 
sprinkle  over  it  about  50  g.  of  sodium  thiocyanate  (or  60  g.  of 
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potassium  thiocyanate).  Mix  with  pestle  and  spoon  for  about 
ten  minutes.  A  uniform  semi-liquid  paste  is  obtained.  To 
this  paste  add  120  g.  of  dry,  granular  sodium  carbonate,  and 
mix  with  pestle  and  spoon  until  a  rather  flulTy  granular 
powder  is  obtained.  Leave  in  mortar  covered  with  paper  over 
night,  then  mix  once  more.  This  reagent  keeps  indefinitely 
but  should  be  kept  in  stoppered  bottles  so  as  not  to  lose  too 
much  moisture. 

2.  A  saturated  solution  of  sodium  carbonate  containing  14 
to  20  per  cent.  Na^COs. 

3.  A  copper  sulphate  solution  containing  60.5  g.  of  CUSO4, 
5II2O  and  2  c.c.  of  concentrated  sulphuric  acid  per  liter.  The 
sulphuric  acid  in  this  reagent  is  added  only  to  prevent  pre¬ 
cipitation  of  cojiper  hydrate  by  the  traces  of  alkali  gradually 
given  off  by  glass.  The  solution  keeps  indefinitely. 

I'ive  c.c.  of  the  cop])er  solution  is  reduced  l)y  25  mg.  of  glu¬ 
cose  or  levuU>se,  by  40.4  mg.  of  auhydrous  lactose,  or  by  45 
mg.  of  anhydrous  maltose.  I'he  normal  reduction  time  is  5 
minutes,  except  in  the  case  of  levulose,  which  is  reduced  within 
2  minutes.  In  working  with  lactose  it  should  be  noted  that 
crystallized  lactose  contains  l  molecule  of  water  of  crystalli¬ 
zation. 

The  titration  is  best  made  in  large,  hard  glass  test  tubes. 
Urines  or  sugar  solutions  up  to  a  concentration  of  7  or  8  per 
cent,  are  titrated  directly,  that  is,  without  any  preliminary 
dilution. 

A  special  sugar  l)urct,  total  capacity  5  c.c.,  divided  in  0.02 
C.C.,  is  used  for  measuring.  This  buret  should  have  an  acces¬ 
sory  tip  very  fine  and  about  5  cm.  long;  it  should  also  have  a 
rubber  tube  attachment  aboce  for  filling  by  suction. 

Transfer  5  c.c.  of  the  copper  solution  to  the  large  test  tube; 
add  I  c.c.  of  sodic  carbonate  solution,  thereby  precipitating 
the  copper  and  rendering  the  solution  alkaline.  Add  5  g.  (not 
less  than  4.5  nor  more  than  5.5  g.)  of  the  solid  phosphate 
mixture.  Heat  gently,  with  shaking,  until  all  the  salts,  except 
for  a  few  isolated  particles  of  sodium  carbonate,  have  dis¬ 
solved.  A  practically  clear  solution  is  usually  obtained  in  less 
than  I  minute,  and  temperature  need  not  exceed  60°  C.  Use 
only  a  micro  burner  as  the  source  of  heat. 

From  the  sugar  buret,  filled  by  suction,  with  the  urine  or 
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sugar  solution,  add  0.4  c.c.  to  i.o  c.c.  to  the  warm,  clear  cop¬ 
per  solution.  With  watch  in  hand,  (or  clearly  visible)  heat 
the  mixture  rapidly  to  unmistakable  boiling.  Note,  on  the 
second  hand,  when  the  boiling  begins;  from  that  moment  keep 
track  of  the  time,  and  thereafter  heat  only  enough  to  keep  the 
contents  just  to  boiling — by  moving  the  test  tube  back  and 
forth,  through  the  flame.  When  bumping  begins,  add  a  pebble 
to  promote  even,  gentle  boiling. 

If  the  contents  of  the  test  tube  do  not  suddenly  become 
turbid  from  precipitated  cuprous  sulphocyanate  within  the 
first  15  seconds  of  bc)iling,  then  less  than  one-half  the  required 
amount  of  sugar  has  been  added  and  more  should  be  intro¬ 
duced  at  once.  When  the  full  amount  of  sugar  (25  mg.)  is 
present,  the  turbidity  appears  within  5  seconds  after  the  boil¬ 
ing  has  begun.  The  boiling  should  normally  be  continued 
for  3  minutes,  counting  from  the  time  that  the  boiling  point 
was  reached,  before  any  more  sugar  is  added.  Boil  i  minute 
after  each  subseciuent  addition  of  sugar.  The  total  boiling 
period  for  a  correct  titration  must  not  be  less  than  4  or  more 
than  6  to  7  minutes.  But  the  preliminary  titration  may  last 
for  8  to  9  minutes,  and  if  the  boiling  process  has  been  gentle, 
the  result  will  then  be  only  about  i  per  cent,  too  high. 

In  the  preliminary  titration  it  will  frequently  happen  that 
the  first  sugar  addition  contains  more  than  25  mg.  of  glucose, 
and  the  greater  the  excess  the  more  quickly  will  decoloriza- 
tion  of  the  copper  take  place. 

Time  of  boiling  for  complete  reduction  of  copper  solution 
by  an  excess  of  glucose. 


Glucose 

Boiling  Time 

Mg. 

Min. 

Sec. 

50 

0 

25 

40 

0 

40 

35 

0 

55 

3-3 

I 

20  to  30 

27 -5 

I 

30  to  55 

25  s 

3 

By  noting  the  boiling  time  in  which  complete  reduction 
has  occurred  a  valuable  guide  to  the  amount  of  sugar  solution 
to  be  taken  for  the  next  titration  is  obtained. 

After  some  experience  has  been  gained  it  should  very 
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seldom  be  necessary  to  make  more  than  two  titrations,  a  pre¬ 
liminary  and  a  final,  for  any  one  sugar  determination. 

Calculation:  0.025  times  100,  or  2.5,  divided  by  the  titra¬ 
tion  figure  in  c.c.,  whether  this  be  several  c.c.  or  a  fraction  of 
I  C.C.,  gives  the  per  cent,  of  glucose  present. 

Prepare  i(X)  c.c.  of  i,  1.5  or  2  per  cent,  solution  of  pure 
glucose,  and  learn  the  titration  on  the  basis  of  that  solution. 
Without  some  i)reservative,  moulds  are  apt  to  develop  in  this, 
still  better,  solution  in  the  course  of  3  or  4  days.  It  is  not  a 
bad  plan  to  substitute  tenth  normal  hydrochloric  acid,  or, 
saturated  benzoic  acid  solution  for  one-half  of  the  water  used 
in  making  the  solution.  Preservatives,  such  as  chloroform  or 
toluol,  are  not  very  satisfactory  in  this  case  because  they  con¬ 
taminate  the  buret  so  that  drops  of  sugar  solution  soon  begin 
to  stick  to  the  sides. 

II.  Polariscope  Method  for  the  Determination  of  Sugar. — 

The  specific  rotation  of  a  substance  is  the  angle  through  which 
the  plane  of  polarized  light  is  turned  by  i  dm.  of  a  solution 
containing  i  g.  of  the  optically  active  substance  per  c.c. 

A  definite  temperature  and  light  of  a  definite  wave  length 
(sodium  light)  must  be  used  in  determining  specific  rotations. 

The  angle  of  rotation  is  determined  by  means  of  some  form 
of  “polariscope”  (polarimeter,  saccharimeter,  etc.)  ;  and  the 
specific  rotation  is  calculated  according  to  the  following 
formula : 

Specific  Observed  Rotation  X 100 

Rotation  Percentage X Length  of  Observation  Tube  (dm.) 

If  the  specific  rotation  is  known,  as  in  the  case  of  the  common 

sugars,  the  per  cent,  of  sugar  is  obtained  by  the  following 
transposition  of  the  above  formula : 

_  Observed  Rotation  X  100 

Pcrccntsfi^c  = - - - 

Specific  Rotation  X  Length  of  Tube  (Dm.) 

Following  are  the  specific  rotations  (yellow  light)  of  some 
common  sugars : 

Glucose,  52.8;  Fructose,  —93;  Cane  Sugar,  66.5;  Lactose, 
55;  Maltose,  137. 
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The  determination  of  sugar  by  means  of  the  polariscope  is 
as  follows : 

Rinse  the  polariscope  tube  (length  usually  i  or  2  dm.) 
with  the  sugar  solution,  and  fill  almost  to  overflowing.  Place 
the  glass  plate  over  the  open  end  in  such  a  way  that  the  tube 
does  not  contain  any  air  bubble,  and  screw  on  the  cap.  Place 
the  tube  in  the  groove  of  the  polariscope.  Light  the  lamp, 
and  move  the  eyepiece  back  and  forth  until  the  lines  which 
divide  the  field  are  sharp.  Then  turn  the  screw  until  the  sev¬ 
eral  divisions  of  the  field  are  equally  illuminated,  and  take  a 
reading  by  means  of  the  vernier.  The  circle  upon  the  disk 
of  the  apparatus  is  divided  into  quarter  degrees ;  24  divisions 
of  the  vernier  correspond  in  length  to  .25°.  Consequently  every 
division  of  the  vernier  corresponds  to  .01°.  Ascertain  whether 
the  disk,  starting  from  its  middle  point,  has  been  moved  to 
the  right  or  to  the  left  of  the  zero  point  of  the  vernier.  Read 
off  the  number  of  whole  degrees  and  hundredths.  Take  sev¬ 
eral  readings  by  moving  the  lever  and  coming  back  again  to 
the  point  where  the  different  parts  of  the  field  are  equal. 
Correct  for  the  zero  point  of  the  instrument  by  taking  read¬ 
ings  with  the  tube  filled  with  water.  This  value  is  added  to, 
or  subtracted  from,  the  reading  found  with  the  sugar  solution. 

If  a  saccharimeter  is  used  instead  of  the  general  circular 
polariscope,  the  reading  on  the  scale  is  converted  into  angular 
degrees  of  rotation  by  multiplying  by  the  factor  .345.  The 
percentage  of  sugar  in  the  solution  is  then  calculated  by  using 
the  formula  given  above. 

12.  Cane  Sugar. — With  the  help  of  the  balance,  prepare 
100  c.c.  of  a  known  cane  sugar  solution  (8  to  12  per  cent.) 
So-called  lump  sugar  is  better  for  this  purpose  than  granu¬ 
lated  sugar,  because  of  freedom  from  dust.  Determine  the 
concentration  of  the  solution  with  the  polariscope  according 
to  the  directions  given  in  the  preceding  section. 

Transform  a  part  of  the  solution  into  “invert  sugar”  and 
determine  the  sugar  content  by  titration.  The.  inversion  is 
made  as  follows : 

Transfer  10  c.c.  of  the  cane  sugar  solution  to  a  100  c.c. 
volumetric  flask  and  add  i  c.c.  of  concentrated  hydrochloric 
acid.  Add  110  extra  water.  Heat  a  large  beaker  or  porcelain 
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dish  to  8o°  C.  When  the  water  has  reached  8o°  C.,  immerse 
the  flask  in  water,  and,  without  allowing  the  temi)erature  of 
the  water  hath  to  sink  below  Ho  ,  rotate  and  shake  the  flask 
continuously,  but  gently,  for  lo  minutes.  At  the  end  of  this 
time  cool  and  dilute  to  the  l(X)  c.c.  mark  with  water,  and  mix. 

Instead  of  heating  to  8o°,  complete  inversion  can  also  be 
accomplished  by  allowing  the  mixture  of  sugar  and  acid  to 
stand  at  room  temperatures  over  night.  The  over  night 
process  is,  of  course,  inapplicable  in  “practical  examinations.” 

In  connection  with  titrations  of  invert  sugar,  due  note  must 
be  taken  of  the  5  per  cent,  increase  in  the  weight  of  the  sugar 
accompanying  the  inversion.  In  titrating  unknown  solutions 
of  invert  sugar  it  must  not  be  forgotten  that  one-half  of  the 
sugar  is  levulose,  and  that  Icvulose  reduces  alkaline  copper 
solutions  much  more  rapidly  than  does  dextrose.  Turbidity 
within  the  first  5  seconds  of  boiling  does,  therefore,  not  neces¬ 
sarily  indicate  that  almost  enough  or  too  much  sugar  has 
been  introduced. 

13.  Problems. — Determine  by  the  polariscope  the  sugar 
concentration  of  one  unknown  solution  of  glucose  and  one  of 
lactose.  Determine,  without  the  polariscope,  the  glucose  and 
cane  sugar  content  of  one  unknown  mixture  of  these  two 
sugars. 

Hand  in  dated,  signed  reports  on  these  unknowns ;  each 
report  to  represent  two  unknowns. 

14.  Preparation  of  Maltose. — Mix  10  g.  of  starch  with  30 
c.c.  of  cold  water  until  a  smooth  paste  is  obtained.  Pour  this 
slowl}^,  and  with  stirring,  into  250  c.c.  of  boiling  water  in  a 
large  beaker,  continue  the  boiling  i  to  2  minutes,  let  cool  to 
75°  C.,  stir  in  i  teaspoonful  of  malt,  and  keep  at  this  tempera¬ 
ture  for  30  minutes.  Boil,  cool,  transfer  to  a  250  c.c.  volumetric 
flask,  make  .up  to  volume.  Determine  the  maltose  by  titra¬ 
tion  in  a  filtered  sample,  and  calculate  the  amount  of  maltose 
obtained.  Taste  the  solution. 

15.  Preparation  of  Milk  Sugar. — To  300  c.c.  of  skimmed 
milk  diluted  with  800  c.c.  of  water,  add  cautiously  2  per  cent, 
acetic  acid  to  precipitate  the  casein.  When  enough  has  been 
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added  the  liquid  is  nearly  clear.  Filter.  Boil  the  filtrate,  and 
filter  off  the  coagulated  albumin.  Evaporate  the  filtrate  on 
the  water  bath  to  a  thin  syrup,  and  allow  it  to  stand  until  the 
sugar  has  crystallized  out. 

A  more  expensive,  but  otherwise  much  better,  method  for 
preparing  crystallized  lactose  from  milk  is  as  follows:  Trans¬ 
fer  lOO  c.c.  of  skim  milk  to  a  200  c.c.  flask  or  bottle,  add  5 
g.  of  solid  picric  acid.  Shake  for  10  minutes,  let  stand  for  half 
an  hour,  and  filter  into  a  300  c.c.  flask  or  bottle.  Add  to  the 
filtrate  200  c.c.  of  acetone  and  let  stand  for  24,  or  better  for 
48  hours.  Examine  and  test  the  crystalline  deposit.  It  is  all 
milk  sugar. 

16.  Starch  and  Dextrin. — Heat  300  c.c.  of  water  to  boiling 
in  a  beaker.  Transfer  2  g.  of  finely  powdered  starch  to  a  test 
tube,  add  5  c.c.  of  cold  w^ater,  shake  well  and  pour  the  result¬ 
ing  starch  suspension,  a  little  at  a  time,  into  the  boiling  water. 
Boil  gently  for  about  10  minutes.  Transfer  starch  solution 
to  a  flask  and  cool. 

Prepare  also  about  50  c.c.  of  2  per  cent,  dextrin  solution, 
using  heat  if  necessary  to  get  a  clear  solution. 

Commercial  dextrin  sometimes  contains  unaltered  starch 
and  usually  contains  reducing  sugar.  If  appreciable  traces 
of  starch  are  present,  the  gradual  addition  of  diluted  iodin 
solution  gives  at  one  stage  a  pure  blue  color.  If  no  starch  is 
present,  only  red,  brown  or  violet  colors  appear. 

To  each  of  2  test  tubes  add  5  c.c.  of  water.  To  one  add 
about  2  c.c.  of  starch  solution,  and  to  the  other,  about  2  c.c. 
of  dextrin  solution.  Add  diluted  iodin  solution  drop  by  drop 
(by  means  of  a  pipet)  to  each  test  tube  until  the  maxi¬ 
mum  color  is  obtained.  Note  the  color  obtained  in  each 
case. 

Dilute  5  c.c.  of  the  starch  solution  to  100  c.c.  Add  vary¬ 
ing  amounts  of  this  diluted  starch  solution  to  2  c.c.  of  dextrin 
solution  and  apply  the  iodin  test  Note  at  which  stage  of 
iodin  addition  the  pure  blue  color  is  obtained.  Note  also 
that  a  positive  starch  reaction  may  easily  be  missed  by  adding 
too  much  iodin.  The  iodin  solution  should  be  very  dilute; 
the  ordinary  i  per  cent,  solutions  need  be  diluted  20  times. 
If  the  original  dextrin  solution  is  free  from  starch,  what  is  the 
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minimum  quantity  of  added  starch  required  to  give  a  positive 
])ure  blue  reaction? 

To  5  c.c.  of  starch  solution  add  about  lo  c.c.  of  saturated 
ammonium  sulphate  solution  and  shake.  Note  that  starch 
is  precipitated.  Repeat  with  the  dextrin  solution;  if  the  dex¬ 
trin  is  free  from  starch  according  to  the  iodin  test,  it  will  not 
give  a  precipitate  with  ammonium  sulphate  solution.  1  he 
starch  precii)itation  is  not  strictly  ([uantitative ;  a  faint  starch 
reaction  can  usually  he  obtained  with  the  ammonium  sulithate 
fdtratc  from  starch  solutions.  1  ry  this  (a)  with  starch 
filtrates  (b)  with  mixtures  of  starch  and  dextrin.  A  fairly 
satisfactory  sejtaration  of  starch  from  dextrin  is  attained  by 
the  help  of  ammonium  sidphate. 

Test  for  reducing  sugar  in  the  solutions  of  starch  and 

dextrin. 

Mix  2  to  5  g.  of  brown  crackers  with  about  50  c.c.  of  cold 
water.  Filter.  Test  the  filtrate  for  starch,  dextrin,  and  re¬ 
ducing  sugar. 

Repeat,  using  hot  water  for  the  extraction. 

To  5  c.c.  of  saliva  in  a  small  flask  add  150  c.c.  of  the  starch 
solution.  (Fresh  starch  solutions  are  best  for  this  experi¬ 
ment.)  Heat  in  a  beaker  of  warm  water  (40  to  42°  C.).  Test 
at  the  end  of  3  to  5  minutes  for  reducing  sugar,  and  repeat 
until  a  positive  test  is  obtained. 

Continue  the  digestion  at  40  to  42°  C.,  and  at  10  minute 
intervals  transfer  5  c.c.  portions  to  each  of  2  test  tubes.  To 
one  add  just  enough  iodin  to  give  an  unmistakable  color;  to 
the  other  add  enough  iodin  to  give  the  maximum  color.  Save 
the  series  of  test  tubes  for  comparison,  and  note  the  gradual 
disappearance  of  the  starch  and  the  formation  and  disappear¬ 
ance  of  dextrin. 

17.  Glycogen. — Cut  four  fresh  (Why  fresh?)  oysters  into 
small  pieces,  and  throw  into  four  times  their  weight  of  boiling 
water  slightly  acidulated  with  acetic  acid.  After  boiling  for 
a  short  time,  remove  the  pieces,  grind  in  a  mortar  with  some 
sand,  return  to  the  water,  and  continue  the  boiling  for  several 
minutes.  Filter  while  hot.  The  opalescent  solution  thus  ob¬ 
tained  is  an  aipieous  solution  of  glycogen  and  other  sub¬ 
stances. 
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With  the  solution  of  glycogen  thus  obtained,  make  the 
following  tests: 

Add  iodin  solution  drop  by  drop  to  a  portion  of  the  glyco¬ 
gen  solution.  The  liquid  will  assume  a  dark  red  color. 

Test  the  glycogen  solution  with  Benedict’s  solution  and 
note  the  result. 

Add  some  saliva  to  a  portion  of  the  glycogen  solution,  and 
put  in  the  warm  room  until  the  next  day.  Remove,  and  divide 
into  two  portions.  Test  one  with  iodin  solution  for  glycogen, 
the  other  for  sugar.  Report  the  result. 


PART  V 


PROTEINS 

I.  Test  for  Nitrogen,  Sulphur,  and  Phosphorus  in  Protein. 
— Put  a  little  dry  protein^  into  a  dry,  cheap  test  tube.  Add  a 
piece  of  metallic  sodium  the  size  of  a  pea,  and  heat  strongly 
for  a  few  minutes.  Cool.  Carefully  and  without  handling 
the  material,  break  into  a  dry  evaporating  dish.  Cover  the 
substance  with  a  wet  filter  paper.  After  five  minutes,  cau¬ 
tiously  add  25  c.c.  water.  Stir  well.  Filter  into  a  test  tube. 

(a)  To  5  c.c.  add  a  few  drops  of  ferrous  sulphate  and  a 
drop  of  ferric  chlorid  solution.  Warm,  and  agidify  with  con¬ 
centrated  hydrochloric  acid,  noting  the  result. 

(b)  Acidify  5  c.c.  with  nitric  acid,  and  add  a  few  c.c.  of 
ammonium  molybdate  solution.  Let  stand  over  night,  and 
look  for  a  yellow  crystalline  precipitate. 

(c)  To  another  5  c.c.  add  a  few  drops  concentrated  sul¬ 
phuric  acid,  and  suspend  over  the  mouth  of  the  test  tube  a 
piece  of  filter  paper  previously  moistened  with  lead  acetate 
solution. 

Discuss  the  action  of  the  sodium,  and  the  chemistry  of  the 
tests  (a),  (b),  (c). 

2.  Simple  Test  for  “Amid”  Nitrogen  and  for  Sulphur. — Put 
a  little  protein  in  a  test  tube  with  a  few  cubic  centimeters  of 
strong  sodium  hydrate  solution  and  three  drops  lead  acetate 
solution.  Heat  to  boiling,  and  suspend  a  piece  of  litmus  paper 
over  the  mouth  of  the  test  tube.  Explain. 

3.  Albumins. — Preparation  of  an  albumin  solution.  Con¬ 
sidering  “egg  white”  to  contain  12  per  cent,  of  albumin,  pre- 


*  A  mixture  of  casein  and  dry  egg  albumin. 
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pare  a  2  per  cent,  solution  by  suitable  dilution  with  distilled 
water.  Shake  thoroughly,  and  filter  through  a  plug  of  cotton. 

4.  Coagulation  by  Heating. — Heat  a  little  of  the  albumin 
solution  in  a  test  tube.  Compare  the  coagulation  so  obtained 
with  that  obtained  when  the  solution  is  diluted  (a)  20  times 
with  distilled  water,  (b)  with  a  solution  containing  o.oi  N 
acetic  acid  and  o.oi  N  sodic  acetate. 

5.  Sulphosalicylic  Acid  Test. — To  some  albumin  solution 
in  a  test  tube  add  a  few  drops  of  sulphosalicylic  acid  solution 
(25  per  cent.).  Determine  the  delicacy  of  the  test. 

6.  Nitric  Acid  Test. — Put  5  c.c.  of  the  solution  in  a  test 
tube,  and  introduce  5  c.c.  of  concentrated  nitric  acid  very  care¬ 
fully  with  a  pipet  to  the  bottom,  forming  an  under  layer.  De¬ 
termine  the  lowest  protein  concentration  at  which  the  test  is 
unmistakable.  Allow  10  minutes  if  the  reaction  is  slow  in 
appearing. 

7.  Picric  Acid  Test. — Add  to  a  portion  of  the  albumin  solu¬ 
tion  a  few  drops  of  a  solution  of  picric  acid  (i  per  cent.)  and 
citric  acid  (2  per  cent.) — Esbach’s  reagent.  Determine  the 
lowest  protein  concentration  at  which  this  test  is  unmistak¬ 
able. 

8.  Action  of  Ammonium  Sulphate. — Add  some  powdered 
ammonium  sulphate  to  10  c.c.  of  the  albumin  solution  in  a  test 
tube,  shaking  frequently  until  the  solution  is  thoroughly  satu¬ 
rated.  Allow  to  stand  for  a  while,  occasionally  shaking,  filter, 
and  test  the  filtrate  for  albumin  by  the  heat  test.  Test  the 
solubility  in  water  of  the  precipitate  on  the  filter  paper. 

9.  Action  of  Magnesium  Sulphate. — Perform  a  similar  ex¬ 
periment,  using  solid  magnesium  sulphate  instead  of  ammo¬ 
nium  sulphate.  To  a  portion  of  the  filtrate  add  one  or  two 
drops  acetic  acid. 

10.  Biuret  Test. — To  a  portion  of  the  albumin  solution 
add  a  little  sodium  hydrate,  then,  drop  by  drop,  very  dilute 
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copper  sulphate.  The  solution  becomes  violet.  Study  the 
delicacy  of  the  reaction.  After  adding  to  the  albumin  solution 
some  solid  ammonium  sulphate,  repeat  the  test  with  (a)  the 
same  amount  of  alkali  (b)  a  large  amount  of  40  per  cent,  alkali. 

11.  Millon’s  Test. — ^To  a  portion  of  the  albumin  solution 
add  a  few  drops  of  Millon’s  reagent.  A  precipitate  forms, 
which,  on  heating,  becomes  brick  red.  Repeat,  using  a  dilute 
solution  of  phenol  instead  of  albumin.  On  what  group  in  the 
protein  molecule  does  this  test  depend?  Add  sodium  chlorid 
and  repeat  the  test.  Explain. 

12.  Xanthoproteic  Test. — To  a  few  c.c.  of  the  solution  add 
one-third  of  its  volume  of  concentrated  nitric  acid;  a  white 
precipitate  may  or  may  not  be  produced  (according  to  the  con¬ 
centration  and  the  nature  of  the  protein).  Boil.  The  precipi¬ 
tate  or  liquid  turns  yellow.  Allow  the  solution  to  cool,  and 
add  an  excess  of  ammonia.  Explain. 

13.  The  Glyoxylic  Acid  Reaction  (Hopkins  and  Cole). — 
Treat  2  or  3  c.c.  of  the  solution  with  the  same  volume  of 
“reduced  oxalic  acid.”  Mix  and  add  an  equal  volume  of  con¬ 
centrated  sulphuric  acid,  pouring  down  the  side  of  the  tube. 
A  purple  ring  forms  at  the  junction  of  the  fluids.  Mix  the 
fluids  by  shaking  the  tube  gently  from  side  to  side.  The 
purple  color  spreads  through  the  whole  fluid.  Repeat  in  the 
presence  of  nitrates,  chlorates,  nitrites,  excess  of  chlorids,  and 
carbohydrates,  respectively. 

“Reduced  oxalic  acid”  is  prepared  by  Benedict’s  method  as  fol¬ 
lows  : 

To  10  g.  powdered  magnesium  in  a  flask  add  a  little  water,  and 
then  add  slowly,  with  shaking  and  cooling,  250  c.c.  of  cold  saturated 
oxalic  acid  solution.  Filter,  acidify  the  filtrate  with  acetic  acid,  and 
dilute  to  one  liter. 

14.  Alcohol. — Add  an  excess  of  alcohol  (one  or  two  vol¬ 
umes)  to  some  albumin  solution.  If  the  precipitate  is  small, 
add  a  little  dilute  sodium  chlorid  solution. 

15.  Tannic  Acid. — Make  some  protein  solution  slightly  acid 
with  .1  per  cent,  of  acetic  acid,  and  add  a  few  drops  of  tannic 
acid  solution. 
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16.  Phosphotungstic  Acid. — Make  a  protein  solution  acid 
with  dilute  hydrochloric  acid,  and  add  a  few  drops  of  the 
reagent. 

Globulins. — The  tests  are  made  upon  blood  serum. 

17.  Action  of  Carbon  Dioxid. — Dilute  5  c.c.  of  clear  serum 
with  45  c.c.  of  ice-cold  water.  Place  the  mixture  in  a  cylinder 
or  large  test  tube,  and  pass  through  it  a  stream  of  carbon 
dioxid.  What  is  the  effect  of  too  much  carbon  dioxid? 

18.  Precipitation  by  Dialysis. — Pour  20  c.c.  of  serum  into 
a  parchment  dialyzing  tube  previously  soaked  in  distilled 
water.  Suspend  the  tube,  with  its  contents,  in  a  large  volume 
of  water.  Explain  the  precipitation. 

Pour  serum,  drop  by  drop,  into  a  large  volume  of  distilled 
water  (in  a  beaker).  What  takes  place?  Explain. 

19.  Precipitation  by  Magnesium  Sulphate. — Saturate  about 
5  c.c.  of  the  serum  with  magnesium  sulphate.  A  heavy  pre¬ 
cipitate  will  be  formed.  Compare  this  with  the  action  of  the 
same  salt  on  the  egg-albumen  solution. 

20.  Precipitation  with  Ammonium  Sulphate. — To  30  c.c.  of 
serum  add  an  equal  volume  of  a  saturated  solution  of  ammo¬ 
nium  sulphate,  thus  obtaining  a  half-saturated  solution.  Filter 
off  the  precipitate,  wash  two  or  three  times  with  a  half-satu¬ 
rated  ammonium  sulphate  solution,  and  dissolve  in  about 
60  c.c.  of  water.  This  yields  a  clear  solution  of  paraglobulin. 
Apply  5  protein  tests  to  this  solution. 

21.  Keratin. — Show  that  keratin  (hair  or  horn)  is  a  protein. 

22.  Gelatin. — Make  dilute  gelatin  solution,  and  with  it 
make  six  tests  for  protein  (including  Millon’s).  Test  for  sul¬ 
phur. 

23.  Phosphoproteins. — Test  the  solubility  of  casein  in 
water,  dilute  acid,  dilute  alkali,  and  dilute  salt  solution. 

Make  six  protein  tests  on  a  solution  of  casein.  How  would 
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you  test  for  albumin  and  casein  when  both  are  present?  Apply 
to  milk  and  to  unknown  furnished. 

24.  Peptones  (Proteoses). — For  the  following  experiments 
use  the  peptic  digestion  mixture  obtained  with  the  pig  stomach 
(p.  67).  Filter,  carefully  neutralize,  heat  to  boiling  (why?), 
and  again  filter.  Use  the  filtrate. 

To  a  small  portion  add  2  or  3  drops  of  dilute  acetic  acid 
and  a  few  c.c.  of  saturated  sodium  chlorid  solution.  Study  the 
effect  of  heating  and  cooling  on  the  precipitate. 

Apply  protein  tests  described  under  “albumin,”  and  record 
the  results  obtained. 

Dialyze  about  10  c.c.  of  the  peptone  solution  against  about 
100  c.c.  of  distilled  water  in  a  beaker.  After  24  hours  test  the 
outside  water  for  peptones.  Explain. 

25.  Amino- Acids,  Tyrosin  and  Leucin. — For  this  experi¬ 
ment  use  the  pancreatic  digestion  mixture  prepared  for  the 
study  of  ferment  reactions  (p.  69). 

With  a  pipet  take  out  10  c.c.  of  clear  supernatant  liquid. 
Filter  this  portion  if  necessary;  dilute  it  with  2  volumes  of 
water,  and  by  means  of  Mett’s  tubes  determine  whether  the 
proteol)  tic  ferment  has  been  destroyed  or  is  still  active. 

Pour  the  rest  of  the  digestion  mixture  without  filtering 
into  a  good-sized  beaker  or  flask.  With  continuous  stirring 
or  gentle  shaking  to  prevent  burning  and  bumping,  heat  the 
digestion  mixture  until  it  begins  to  boil.  Some  care  is  needed 
in  this  operation  because  of  the  presence  of  alcohol.  When  the 
mixture  is  boiling  remove  the  flame.  Note  approximately  the 
volume  of  the  mixture,  and  measure  into  a  test  tube  some 
“Merck’s  dialyzed  iron,”  8  to  10  c.c.  for  each  100  c.c.  of  diges¬ 
tion  mixture.  Dump  the  colloidal  iron  into  the  digestion  mix¬ 
ture,  and  shake  or  stir  vigorously.  Filter. 

To  the  filtrate  add  a  few  drops  of  ammonia  and  5  to  10  g. 
of  bone-black.  Boil  for  a  few  minutes  and  again  filter.  A 
clear,  faintly  colored  solution  should  be  obtained. 

Pour  this  last  filtrate  into  an  evaporating  dish,  acidify  with 
a  little  acetic  acid,  and  boil  down  to  about  one-sixth  of  the 
original  volume. 

Transfer  the  concentrated  liquid  to  a  flask  or  beaker,  and 
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set  aside  in  a  cool  place  for  a  day  or  two.  Tyrosin  and  leucin 
crystallize  out,  the  former  first  and  in  much  greater  abundance. 
Examine  the  sediment  under  the  microscope. 

The  isolation  of  other  amino-acids  from  the  mother  liquor 
is  much  more  difficult. 

26.  Preparation  of  Cystin  (from  Wool). — Heat  50  g.  of 
wool  in  a  500  c.c.  flask  with  100  c.c.  concentrated  hydrochloric 
acid  on  a  water  bath  until  dissolved.  A  3-foot  glass  tube 
should  be  inserted  to  prevent  the  loss  of  too  much  acid  liquid. 
When  dissolved,  boil  very  gently  over  a  small  flame  for  3  to  4 
hours.  Add  solid  sodic  acetate  (100  to  130  g.)  until  no  free 
mineral  acid  can  be  detected  in  the  solution  by  means  of 
Congo  red  paper.  Allow  the  mixture  to  stand  from  3  to  5  days. 
The  longer  the  mixture  is  allowed  to  stand,  up  to  3  weeks, 
the  more  cystin  is  obtained.  Filter  on  a  Buchner  funnel  and 
wash  with  cold  water.  Then  dissolve  the  precipitate  in  water 
(150  c.c.)  plus  5  to  10  c.c.  concentrated  hydrochloric  acid,  add 
about  20  g.  purified  bone-black,  and  boil  5  to  10  minutes. 

To  prepare  pure  bone-black,  let  the  impure  sample  stand  in  an 
excess  of  dilute  hydrochloric  acid  over  night,  filter,  and  wash  with 
cold  water  until  the  filtrate  is  neutral. 

Filter  again  with  suction,  heat  the  filtrate  to  boiling,  and 
neutralize  the  hot  hydrochloric  acid  by  adding  very  slowly 
hot  concentrated  sodic  acetate  solution  (avoid  an  excess,  test 
with  Congo  red  paper).  The  precipitate  formed  consists  of 
cystin,  and  should  be  very  white  and  pure.  If  it  is  dark 
colored,  re-dissolve  in  water  and  a  little  hydrochloric  acid, 
and  repeat  the  bone-black  treatment. 

Keep  the  mixture  boiling,  and  add  very  slowly  the  hot 
sodic  acetate  solution  until  the  crystallization  begins;  keep 
hot,  and  after  a  few  minutes  add  cautiously  a  little  more 
acetate.  Well-formed,  large,  and  characteristic  crystals  should 
be  obtained. 

Examine  the  crystals  under  the  microscope. 

Test  for  sulphur.  Test  also  for  tyrosin.  (Ordinarily  the 
crystals  are  quite  free  from  tyrosin.) 

Tyrosin  can  be  prepared  from  the  original  mother  liquor 
by  decolorizing  with  bone-black  and  letting  stand  in  a  cold 
place. 
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PART  VI 


URINE  ANALYSIS  AND  METABOLISM 

Quantitative  urine  analysis  has  no  value  except  in  connec¬ 
tion  with  known  volumes  of  urine  representing  a  definite 
known  metabolism  periods  Even  in  student  exercises  involv¬ 
ing  the  learning  of  methods,  only  urines  w'hich  represent  a 
definite  metabolism  period  should  be  used,  and  from  the  an¬ 
alytical  figures  obtained  the  total  value  for  the  whole  urine 
(and  metabolism  period)  should  be  calculated. 

The  standard  common  metabolism  period  is  twenty-four 
hours.  The  only  correct  way  to  collect  twenty-four  hour 
urines  is  to  begin  the  metabolism  period  immediately  after 
passing  the  night  urine  in  the  morning.  Note  the  time,  and 
then  collect  all  the  urine  passed  up  to  the  same  hour  the  fol¬ 
lowing  morning.  The  reason  for  this  rule  is  that  during  the 
night  much  of  the  waste  products  corresponding  to  the  food 
intake  of  the  preceding  day  is  passed,  and  in  the  early  morn¬ 
ing,  before  any  food  has  been  taken,  the  excretion  is  at  its 
lowest  level. 

Sometimes  it  is  impracticable  to  collect  twenty-four  hour 
urines,  and  sometimes  it  is  desirable  to  study  the  urine  repre¬ 
senting  shorter  metabolism  periods  such  as  three,  four,  or  six 
hours.  Formerly  it  was  not  practicable  to  make  use  of  such 
short  periods,  because  the  analytical  procedures  required  too 
much  urine;  the  uric  acid  determination  alone  required  150  c.c. 
By  the  help  of  the  modern  colorimetric  methods,  nearly  com¬ 
plete  analysis  can  be  made  on  the  basis  of  three  hour  urines. 
For  such  short  metabolism  periods  it  is  necessary  to  drink 
not  less  than  200  c.c.  of  w^ater  at  the  beginning  of  the  period. 
The  period,  whether  consisting  of  three  hours  or  twenty-four 
hours,  should  begin  immediately  after  passing  the  night  urine. 

It  is  necessary  to  use  some  preservative  for  the  urine  unless 
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the  analysis  can  be  completed  within  twenty-four  hours. 
Chloroform  (2  c.c.),  or  toluol,  or  xylol,  should  be  introduced 
into  the  empty  bottle  in  which  the  urine  is  to  be  collected  so 
as  to  exclude  from  the  beginning  any  possibility  of  bacterial 
decomposition. 

In  systematic  urine  analysis  some  determinations  should  be 
made  as  soon  as  possible  (within  twenty-four  hours)  while 
others  can  be  postponed  as  long  as  desirable.  The  uric  acid 
determination  should  be  made  the  first  day,  because  the  uric 
acid  may  either  fall  out  as  a  sediment  or  may  be  decomposed 
as  the  result  of  long  standing.  The  creatinin  determination 
should  be  made  within  forty-eight  hours,  because  in  some 
urines  it  is  gradually  in  part  converted  into  creatin.  From  the 
standpoint  of  spontaneous  decomposition  in  well  preserved 
urine  the  ammonia  determination  can  be  postponed  indef¬ 
initely,  but  it  is  usually  better  not  to  delay  the  ammonia  de¬ 
termination  more  than  two  or  three  days.  In  turbid  urines 
there  is  more  or  less  danger  of  precipitation  of  a  part  of  the 
ammonia  as  ammonium  magnesium  phosphate. 

The  acidity  titration  should  be  made  within  twenty-four 
hours.  Most  urines  darken  very  much  on  standing,  and  the 
deepened  color  makes  it  difficult  to  see  the  faint  color  which 
marks  the  correct  endpoint  of  the  titration. 

Standard  figures  for  the  composition  of  normal  twenty-four 
hour  urines  are  abundant  in  the  literature.  (See  American  Jour¬ 
nal  of  Physiology  13,  45-115,  1905.)  Standard  figures  for  three 
hour  urines  are  as  yet  not  numerous.  The  figures  recorded 
below  for  the  first  three  hour  morning  urines  were  obtained 
in  1918  by  G.  Youngburg.  The  subjects  were  medical 
students. 

Aeration  Method  for  the  Determination  of  Ammonia. — 

Measure  25  c.c.  of  the  ammonium  sulphate  solution  previously 
used  for  nitrogen  determinations  (p.  57)  into  a  tall  aerometer 
cylinder.  The  cylinder  is  fitted  with  a  two-hole  rubber  stopper 
and  glass  connections  so  arranged  that  compressed  (outside) 
air  (or  laboratory  air  previously  freed  from  ammonia)  is 
passed  to  the  bottom  of  the  cylinder  and  out  through  a  calcium 
chlorid  tube  filled  with  dry  cotton,  and  then  through  a  special 
absorption  tube,  into  a  receiver  containing  water  and  a  known 
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Composition  of  Three  Hour  Morning  Urine 


No. 

Total  N 
gm. 

NHa— H 
mg. 

Urea— N 
gm. 

Uric  Acid 
mg. 

Creatinin 

mg. 

Body  wt., 
K. 

I 

0.87 

42 

0.72 

73 

176 

58 

2 

1 .00 

47 

.85 

66 

192 

56 

3 

1 .02 

68 

.82 

S6 

176 

59 

4 

1 .02 

79 

.82 

57 

224 

66 

S 

1 . 12 

43 

•94 

48 

154 

60 

6 

1. 14 

74 

■97 

72 

163 

64 

7 

1. 18 

51 

1 .00 

71 

192 

66 

8 

1-23 

107 

■  99 

88 

204 

64 

9 

1 . 26 

100 

1 .02 

85 

240 

80 

lO 

1 . 26 

41 

1 .04 

65 

222 

79 

I  1 

I  33 

79 

1 .08 

64 

2  20 

77 

12 

1-37 

77 

I  .  16 

65 

100 

70 

13 

1.42 

46 

i^i3 

88 

203 

54 

14 

1 .46 

88 

1.23 

91 

183 

67 

15 

1 .48 

58 

I  .  2Q 

88 

229 

65 

i6 

I-5I 

40 

1 . 27 

69 

190 

64 

17 

1-54 

34 

135 

77 

212 

58 

i8 

I-S5 

81 

I  34 

67 

186 

61 

19 

1.88 

69 

1 .66 

89 

247 

73 

20 

2.18 

49 

1.85 

105 

236 

68 

Composition  of  Three  Hour  Morning  Urine 


No. 

Volume, 

c.c. 

Acidity 
in  c.c. 
o.i  N 

H3PO4 

mg. 

Total 

S  mg. 

Inorganic 
S  mg. 

Ethereal 

S 

mg. 

Cl 

g- 

I 

52 

34 

159 

46 

30 

4 

1 .64 

2 

96 

6 

142 

54 

31 

7 

1 .08 

3 

207 

30 

293 

113 

39 

28 

I .  II 

4 

61 

38 

247 

69 

51 

4 

■54 

5 

204 

5 

12 

51 

40 

0 

.90 

6 

81 

24 

86 

62 

38 

2 

1 .00 

7 

III 

40 

317 

96 

73 

6 

^■i5 

8 

18s 

52 

381 

99 

74 

7 

1.74 

9 

90 

44 

374 

107 

77 

5 

.62 

10 

138 

6 

19 

86 

50 

4 

^■i5 

II 

84 

35 

232 

86 

60 

II 

•75 

12 

66 

48 

369 

114 

93 

6 

.27 

13 

203 

26 

241 

76 

57 

4 

1 . 21 

14 

102 

42 

283 

107 

38 

8 

1 .00 

15 

142 

6 

193 

95 

59 

22 

1.28 

16 

107 

33 

142 

105 

59 

24 

.76 

17 

514 

13 

92 

78 

56 

10 

1.64 

18 

745 

3 

165 

105 

81 

7 

2.62 

19 

520 

17 

237 

65 

47 

I 

I  57 

20 

139 

10 

261 

142 

93 

6 

1 . 29 

121 


.'V'  ’  ^ 


f 


# 


t  h; 


i ' 
t  • 


'  K 


•1 


P 


amount  of  acid.  The  cotton  serves  the  purpose  of  holding 
back  traces  of  solid  sodic  carbonate,  formed  by  evaporation 
on  the  sides  of  the  cylinder. 

Add  to  the  ammonium  sulphate  solution  about  lO  g.  sodium 
chlorid,  about  2  g.  sodic  carbonate,  and  a  few  drops  of  kero¬ 
sene.  Do  not  add  any  water;  the  greater  the  volume  the 
longer  it  takes  to  drive  ofif  all  the  ammonia.  Pass  a  very 
strong  air  current  through  the  mixture  for  one  and  one-half 
hours,  and  collect  the  ammonia,  which  the  air  carries  off,  in  a 
receiver  containing  25  c.c.  .1  N  acid  and  about  200  c.c.  water. 
Titrate,  and  compare  the  result  with  the  figures  obtained  by 
distillation  (p.  59).  If  the  results  are  too  low,  the  air  current 
has  been  too  slow,  or  the  aeration  process  has  not  been  con¬ 
tinued  long  enough  to  drive  off  all  the  ammonia. 

In  a  similar  manner  determine  the  ammonia  in  urine 
(25  c.c.)  and  calculate  the  24-hour  amount.  When  working 
with  urine  it  is  desirable,  though  not  absolutely  necessary,  to 
substitute  10  g.  of  potassium  oxalate  for  the  10  g.  of  sodium 
chlorid.  Salts  hasten  the  removal  of  the  ammonia,  and  oxalate 
incidentally  prevents  the  (possible)  formation  of  insoluble 
ammonium  magnesium  phosphate. 

Save  the  remainder  of  the  ammonium  sulphate  solution  for 
sulphate  determinations. 

Colorimetric  Method  for  the  Determination  of  Ammonia. — 
With  an  Ostwald  pipet  measure  i  or  2  c.c.  of  the  ammonium 
sulphate  solution  into  a  large  Jena  test  tube  (200x25  mm.). 
Choose  the  amount  which  contains  nearer  i  mg.  of  nitrogen. 
Fit  the  test  tube  with  a  two-hole  rubber  stopper  carrying  an 
inlet  tube,  reaching  to  the  bottom,  and  an  outlet  tube.  Con¬ 
nect  the  former  with  the  compressed  air  jet,  and  the  latter 
with  an  absorption  tube  having  small  holes  drilled  through 
the  wall  at  the  end.  Insert  the  absorption  tube  into  a  too  c.c. 
measuring  flask  containing  20  to  30  c.c.  of  distilled  water  and 
2  c.c.  .1  N  HCl.  Add  2  drops  kerosene  and  a  few  drops  of  a 
solution  containing  potassium  oxalate  and  potassium  carbo¬ 
nate  (15  per  cent,  of  each),  quickly  put  the  stopper  firmly  in 
the  tube,  and  start  the  air  current,  gradually  increasing  its 
speed  for  about  two  minutes.  In  ten  minutes  all  the  ammonia 
should  have  been  driven  over  into  the  receiving  flask. 
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Remove  the  absorption  tube,  rinsing  it  with  water,  and 
dilute  the  contents  in  the  flask  to  about  75  c.c. 

Pipet  10  c.c.  of  standard  ammonium  sulphate  (p.  131)  into 
another  100  c.c.  measuring  flask,  and  dilute  with  water  to 
60  c.c. 

Nesslerize  both  solutions  according  to  the  directions  given 
in  the  alternative  colorimetric  method  (see  below),  but  use 
only  10  c.c.  of  Nessler’s  solution  and  omit  the  addition  of 
sodium  hydroxid. 

Make  the  color  comparison  according  to  the  directions 
given  in  the  alternative  method  (see  below). 

Alternative  Colorimetric  Method  for  Determination  of  Am¬ 
monia.^ — In  this  method  the  ammonia  is  extracted  from  the 
urine  by  gentle  shaking  with  a  synthetic  aluminate  silicate 
powder  sold  under  the  trade  name  permiitit.  Only  such  prep¬ 
arations  as  have  passed  through  a  60  mesh  sieve  and  do 
not  pass  through  an  80  mesh  sieve  should  be  used.  Powders 
of  any  desired  degree  of  fineness  are  obtainable. 

Before  applying  this  method  to  urine,  use  it  for  the  de¬ 
termination  of  ammonia  in  the  ammonium  sulphate  employed 
for  nitrogen  determinations  and  in  the  preceding  aeration 
process.  Compare  the  results  obtained  by  permutit  with  those 
obtained  (a)  by  distillation  (p.  59)  ;  (b)  by  the  macro  aeration 
process  (p.  123). 

The  essential  mechanical  feature  of  this  new  reagent  for 
absorbing  ammonia  is  that  it  is  a  clean,  moderately  fine,  in¬ 
soluble  powder  which  gives  off  very  little  dust  or  turbid  ma¬ 
terial  to  water,  and  settles,  like  sea  sand,  from  water  in  the 
course  of  a  few  seconds.  By  virtue  of  this  novel  feature  the 
(absorbed)  ammonia  can  be  separated  by  decantation  from 
the  solution  (or  urine)  which  contained  it. 

The  reagent  is  a  complex  insoluble  sodium  salt  containing 
active,  i.e.,  easily  replaceable,  sodium,  and  the  adsorption  of 
ammonia  involves  the  replacement  of  a  part  of  this  sodium  by 
ammonia.  The  chemical  affinity  of  the  active  group  in  the 
reagent  for  ammonia  is  remarkably  strong  so  that  under  suit¬ 
able  conditions  the  exchange  becomes  quantitative  as  far  as 
the  ammonia  is  concerned. 


‘  Jour,  Biol.  Chem.  XXIX,  329,  1917. 
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While  the  chemical  reaction  involved  in  the  absorption  of 
ammonia  by  this  reagent  is  apparently  a  reaction  between  a 
solid  and  a  solution,  it  remains  to  be  said  that  the  solid 
powder  contains  about  20  per  cent,  of  water,  and  if  this  water 
of  hj  drjition  is  removed  by  heat  the  activity  of  the  reagent  is 
lost.  Even  gentle  dry  heat  (ioo°  C.)  greatly  reduces  its 
activity,  so  that  a  freshly  purified  and  rapidly  dried  product 
is  less  active  than  the  same  product  allowed  to  dry  at  ordinary 
temperatures,  or  than  the  same  product  dried  rapidly  at  lOO 
C.,  and  allowed  to  “weather”  for  a  day  or  two. 

An  important  characteristic  of  this  reagent  for  the  absorp¬ 
tion  of  ammonia  is  that  it  does  not  appreciably  deteriorate  by 
being  used.  After  washing  away  the  Nesslerized  ammonia 
and  surplus  alkali  first  with  water,  then  with  one  portion  of 
2  per  cent,  acetic  acid,  then  once  more  with  water,  the  powder 
remaining  is  just  as  efficient  as  before  for  the  absorption  of 
more  ammonia. 

The  process  for  the  colorimetric  determination  of  ammonia 
in  urine  by  the  help  of  the  synthetic  zeolite  powder  is  as 
follows : 

Transfer  about  2  g.  of  the  powder  to  a  lOO  c.c.  volumetric 
flask.  Add  about  5  c.c.  of  water  (no  more),  and  with  an  Ost- 
wald  pipet  introduce  l  or  2  c.c.  of  urine,  or  with  a  5  c.c. 
pipet  introduce  5  c.c.  of  previously  diluted  urine  (corre¬ 
sponding  to  I  or  2  c.c.  of  the  original  urine).  With  urines 
extraordinarily  poor  in  ammonia  it  may  be  necessary  to  use 
more  urine  (5  c.c.),  but,  in  so  far  as  it  is  practicable,  it  is 
better  not  to  use  more  than  2  c.c.  Our  reason  for  not  wishing 
to  use  more  than  2  c.c.  of  urine  is  based  partly  on  practical 
experience,  and  partly  on  the  recognition  of  the  fact  that  the 
salts  in  the  urine  tend  to  prevent  the  ammonia  absorption  from 
being  quantitative.  Rinse  down  the  added  urine  by  means  of 
a  little  water  (i  to  5  c.c.),  and  shake  gently  but  continuously 
for  5  minutes.  Rinse  the  powder  to  the  bottom  of  the  flask 
by  the  addition  of  water  (25  to  40  c.c.),  and  decant.  Add  water 
once  more  and  decant.  (In  the  case  of  urines  rich  in  bile 
it  is  advisable  to  w^ash  once  or  twice  more.)  Add  a  little 
water  to  the  powder,  introduce  i  c.c.  of  10  per  cent,  sodium 
hydroxid,  shake  for  a  few  moments,  and  set  aside,  while  pre¬ 
paring  the  standard  ammonium  sulphate  solution  as  follows: 
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Transfer  5  c.c.  of  the  standard  ammonium  sulphate  solu¬ 
tion  (p.  131)  containing  0.5  mg.  of  nitrogen  to  another  100  c.c. 
volumetric  flask  and  add  i  c.c.  of  10  per  cent,  sodic  hydrate 
(to  balance  the  alkali  added  to  the  permutit  mixture  in  the 
other  flask).  Dilute  to  about  75  c.c.  and  mix.  Transfer  10  c.c. 
of  Nessler’s  solution  (see  p.  283)  to  a  measuring  cylinder. 
Now  give  the  volumetric  flask  a  vigorous  whirl  so  as  to  set 
the  solution  spinning  within  the  flask  and  add  at  once  the 
whole  of  the  Nessler  solution  in  the  cylinder.  With  another 
whirling  movement  secure  the  complete  mixing  of  the  contents 
in  the  flask.  If  the  process  of  Nesslerization  has  been  suc¬ 
cessful,  a  deep  red  but  crystal  clear  solution  is  obtained.  If  it 
is  not  perfectly  clear,  throw  it  away  and  prepare  a  fresh  stand¬ 
ard.  With  a  little  experience  no  trouble  is  encountered  in 
getting  clear  solutions.  When  the  standard  solution  is  thus 
satisfactorily  Nesslerized,  dilute  the  contents  in  the  flask  con¬ 
taining  the  permutit  and  the  urinary  ammonia  to  about  75  c.c., 
whirl  the  mixture  and  add  the  Nessler  reagent  (10  c.c.)  exactly 
as  in  the  case  of  the  standard  solution.  Dilute  the  contents 
of  both  flasks  to  volume  (100  c.c.)  and  make  a  quantitative 
color  comparison  by  means  of  the  colorimeter. 

Those  who  are  inexperienced  in  colorimetric  work  should  not  fail 
to  observe  the  following  precautions.  Do  not  spill  Nesslerized  or 
other  alkaline  solutions  on  the  mirror  of  the  colorimeter;  a  single 
such  spill  unless,  immediately  washed  off  with  an  abundance  of  cold 
water,  ruins  the  mirror.  The  most  frequent  cause  of  spilling  is  the 
placing  of  too  much  solution  in  the  colorimeter  cups.  These  cups 
should  be  only  a  little  more  than  half  filled.  Always  rinse  the  colo¬ 
rimeter  cups  and  the  plungers  with  cold  water  after  using,  as  a  red 
sediment  is  otherwise  gradually  deposited  on  both.  Such  sediment, 
when  formed,  can  be  removed  by  means  of  a  dilute  solution  of  po¬ 
tassium  iodid. 

Before  attempting  to  determine  the  color  of  the  unknown,  the 
correctness  of  the  instrument,  and  of  the  eye,  must  be  ascertained. 
Rinse  both  colorimeter  cups  with  the  standard  Nesslerized  solution 
and  fill  both  with  the  same  solution  a  little  more  than  half  full.  Put 
them  in  place  and  set  both  colorimeter  plungers  at  a  height  of  ex¬ 
actly  20  mm.  Adjust  the  focus  of  the  instrument  so  that  the  line 
dividing  the  two  fields  is  clear  and  distinct.  By  the  help  of  the 
mirror  and  by  turning  the  whole  instrument,  adjust  it  to  the  source 
of  light  until  the  two  fields  look  alike.  Do  not  stare  at  the  field  too 
long;  close  the  eye  frequently  so  as  to  avoid  fatigue.  If  the  fields 
can  not  be  made  to  look  alike,  the  zero  point  or  the  optics  of  the 
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instrument  must  be  wrong,  and  suitable  allowance  must  be  made 
for  this  error.  Having  learned  to  see  the  fields  alike,  change  the 
height  of  one  of  the  plungers  and  then  make  a  color  comparison 
of  the  standard  against  itself,  readjusting  the  moved  plunger  until 
the  fields  again  look  alike.  'I'he  error  should  not  exceed  0.2  nun. 
Now  set  the  two  plungers  again  at  20  mm.  and  a.scertain  once 
more  that  they  look  alike.  Then  empty  one  cylinder,  rinse  it,  and 
al.so  the  plunger,  with  the  unknown;  half  fill  the  cup  with  the  un¬ 
known,  and  make  the  final  color  comparison  fairly  rapidly,  before 
the  memory  of  what  the  fields  looked  like  when  they  were  equal 
has  been  blurred. 

The  ammonia  content  is  inversely  proportional  to  the 
colorimer  reading,  provided  that  one  is  not  more  than  one  and 
one-half  times  as  strong  as  the  other.  Ten,  divided  by  the 
reading  of  the  unknown,  in  mm.,  gives  the  ammonia  nitrogen, 
in  mg.,  in  the  volume  of  urine  (or  ammonium  sulphate  solu¬ 
tion)  taken  for  the  analysis. 

Calculate  the  24-hour  quantity  of  the  ammonia  as  NH3  and 
as  ammonia-N,  and  compare  with  the  figures  given  by  the 
macro  aeration  method. 

Total  Nitrogen;  Colorimetric  Method. — Special  equipment 
called  for:  (a)  Duboscq  colorimeter,  (b)  standardized  i  c.c. 
“Ostwald  pipets,”  with  extra  long  stems,  (c)  a  solution  of  spe¬ 
cially  purified  ammonium  sulphate,  of  such  strength  that 
10  c.c.  contain  i  mg.  of  nitrogen  (0.4716  g.  salt  per  liter),  (d) 
modified  Nessler-Winkler  reagent  (see  p.  283). 

This  determination  requires  0.7  to  1.5  mg.  of  nitrogen.  The 
total  nitrogen  in  urine  is  on  the  average  about  25  times  as 
much  as  the  “ammonia”  nitrogen.  Dilute  5,  10  or  20  c.c.  of 
urine  to  too  c.c.,  mix  and  with  an  Ostwald  pipet  transfer  i  c.c. 
of  the  diluted  urine  to  a  large,  hard  glass  test  tube.  (This 
pipet  must  be  drained  for  15  seconds  against  the  wall  of  test 
tube  and  then  blown  clean.)  With  an  ordinary  pipet,  add 
I  c.c.  of  the  phosphoric-sulphuric  acid-copper  sulphate  mixture 
together  with  a  pebble,  to  prevent  bumping.  Heat  over  a 
micro  burner  (no  hood  necessary)  until  the  water  is  driven 
oflf  and  fumes  become  abundant  within  the  tube.  This  should 
take  place  in  about  two  minutes.  When  filled  with  fumes, 
close  the  mouth  of  the  test  tube  with  a  watch  glass  and  con¬ 
tinue  the  boiling  at  such  a  rate  that  the  tube  remains  filled 
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with  fumes  yet  almost  none  escape.  Within  two  minutes  after 
the  mouth  of  the  test  tube  was  closed  the  contents  should  become 
clear,  and  bluish  or  light  green.  Continue  the  gentle  boiling 
for  30  to  60  seconds  longer,  provided,  however,  that  the  total 
boiling  period,  with  test  tube  closed,  must  not  be  less  than 
two  minutes.  Remove  the  flame  and  let  cool  for  a  little  less 
than  two  minutes,  then  add  water.  Rinse  the  hot  digestion 
mixture  (sometimes  turbid  from  silica)  into  a  200  c.c.  volu¬ 
metric  flask,  using  for  this  purpose  about  125  c.c.  of  water. 

Transfer  10  c.c.  of  standard  ammonium  sulphate  solution 
containing  I  mg.  of  nitrogen  into  another  200  c.c.  volumetric 
flask.  Add  l  c.c.  of  the  concentrated  phosphoric-sulphuric 
acid  mixture,  to  balance  the  acid  in  the  unknown,  and  dilute 
to  a  volume  of  about  150  c.c.  When  both  flasks  are  thus  ready, 
give  each  flask  a  whirl  and  add  30  c.c.  of  Nessler’s  reagent. 
Shake  a  little  more  and  dilute  both  to  the  200  c.c.  mark. 

If  the  unknown  Nesslerized  digestion  mixture  is  turbid, 
centrifuge  a  portion,  giving  a  crystal  clear  fluid  above  a  white 
sediment  (silica).  If  the  sediment  is  colored,  the  Nessleriza- 
tion  was  not  successful  and  the  determination  must  be  dis¬ 
carded.  Determine  the  color  value  of  the  centrifuged  solu¬ 
tion  as  described  under  the  permutit  method  for  determining 
ammonia,  and  calculate  the  total  nitrogen  in  the  three-hour  or 
twenty-four  hour  quantity  of  urine. 

Determine  the  nitrogen  in  5  c.c.  of  the  undiluted  urine  by 
the  macro  Kjeldahl  process  and  compare  with  the  value  given 
by  the  colorimetric  process.  The  two  methods  should  give 
substantially  identical  values. 

Reactions  of  Urea. — Put  a  crystal  of  urea  on  a  glass  slide 
or  a  watch-glass  and  cover  it  with  a  drop  of  water.  With  a 
glass  rod,  put  a  drop  of  nitric  acid  next  to  this.  Let  the  two 
drops  run  together,  and  notice  the  precipitation  of  urea  ni¬ 
trate  at  the  junction.  Examine  under  the  microscope,  and 
sketch  the  crystals. 

Put  a  few  crystals  of  urea  into  a  dry  test  tube,  and  heat  till 
they  melt.  With  moist  litmus  paper  test  the  reaction  of  the 
fumes  given  off.  Explain. 

Dissolve  a  few  crystals  of  urea  in  5  c.c.  water  in  a  test 
tube.  Test  its  reaction  with  litmus  paper.  Heat  the  solution 
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to  boiling  and  test  the  steam  with  moist  litmus  paper.  Cool 
the  liquid  and  test  with  litmus  paper.  Explain. 

To  a  solution  of  urea  in  a  test  tube  add  an  equal  volume  of 
sodium  hypobromite  solution.  Make  this  by  mixing  and  cool¬ 
ing  equal  volumes  of  bromin  solution  and  40  per  cent,  sodic 
hydrate  solution. 

The  reaction  with  sodium  hypobromite  has  been  used  for  the 
quantitative  determination  of  urea,  but  as  ordinarily  used  for  this 
purpose  the  method  has  very  little  value. 

Colorimetric  Method  for  Determination  of  Urea  (/.  Biol. 
Chem.,  26,  501,  1916;  38,  III,  1919.) — Merck’s  blood  charcoal 
was  a  necessary  reagent  in  the  determination  of  urea  in 
urine  by  the  direct  Nesslerization  process  of  Folin  and 
Denis.  By  using  urease  preparations  sufficiently  free  from 
nitrogenous  materials  the  urea  nitrogen  can  be  Nesslerized 
without  any  charcoal  treatment. 

Urease  Preparation. — Wash  about  3  g.  of  permit  tit  in  a  flask 
once  with  2  per  cent,  acetic  acid,  then  twice  with  water ;  add 
5  g.  of  fine  Jack  bean  meal  and  100  c.c.  of  15  per  cent,  alcohol 
(16  c.c.  of  ordinary  alcohol  plus  84  c.c.  of  water).  Shake 
gently  but  continuously  for  10  to  15  minutes,  pour  on  a  large 
filter  and  cover  with  a  watch  glass.  The  filtrate  contains  prac¬ 
tically  the  whole  of  the  urease  and  extremely  little  of  other 
materials.  The  urease  solution  will  keep  for  about  a  week  at 
room  temperatures  and  for  4  to  6  weeks  in  an  ice  box. 

Buffer  Mi.vtures  for  Urease  Decompositions. — Mixtures  of 
mono-  and  disodium  phosphates  in  the  proportion  i  molecule 
of  the  former  to  2  of  the  latter,  and  in  molar  concentrations, 
are  usually  employed  to  preserve  a  substantially  neutral  re¬ 
action  during  the  decomposition  of  urea  by  means  of  urease. 
Dissolve  69  g.  of  monosodium  phosphate  and  179  g.  of  crystal¬ 
lized  disodium  phosphate  in  800  c.c.  of  warm  distilled  water. 
Cool  and  dilute  to  a  volume  of  i  liter.  Preserve  with  toluol, 
I  to  2  c.c. 

It  would  seem  to  be  rather  doubtful  whether  the  main¬ 
tenance  of  neutrality  is  adequate  to  explain  fully  the  accelerat¬ 
ing  action  of  phosphates  on  the  urea  decomposition,  because 
pyro-  and  metaphosphates  seem  to  be  more  effective  than 
orthophosphates.  An  excellent  buff'er  mixture  is  obtained  by 
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dissolving  14  g.  of  sodium  pyrophosphate  (Na^PgOT,  loHjO) 
in  enough  half  normal  phosphoric  acid  to  make  a  volume  of 
100  c.c.  The  half  normal  phosphoric  acid  is  made  by  diluting 
20  c.c.  of  85  per  cent,  phosphoric  acid  to  i  liter  and  titrating 
5  c.c.  wdth  tenth  normal  alkali,  and  phenolphthalein  as  indi¬ 
cator,  to  a  faint  pink  color.  On  the  basis  of  this  titration,  dilute 
the  acid  to  a  substantially  correct  half  normal  solution.  Meta- 
phosphoric  acid  is  fully  as  good  as  phosphoric  acid,  but  it  is 
much  more  difficult  to  prepare  a  solution  of  the  requisite  de¬ 
gree  of  neutrality  with  metaphosphoric  acid  because  of  its 
variable  water  and  free  phosphoric  acid  content.  The  pyro¬ 
phosphate-phosphoric  acid  mixture,  the  preparation  of  which 
is  described  above,  gives  a  faint  color  with  rosolic  acid.  Five 
cubic  centimeters  when  titrated  with  tenth  normal  alkali  and 
phenolphthalein  should  give  a  faint  but  distinct  color  with 
about  18  c.c.  of  the  alkali. 

Transfer  with  an  Ostwald  pipet  i  c.c.  of  diluted  urea  solu¬ 
tion  or  urine  (dilution  sometimes  5  or  20,  but  usually  10  c.c. 
diluted  to  100  c.c.)  to  a  clean  test  tube;  add  i,  or  at  the  most 
2  drops  of  buffer  mixture  and  i  c.c.  of  urease  solution.  Digest 
in  a  beaker  of  warm  tap  water  (40°  to  55°  C.)  for  5  minutes, 
or  at  room  temperatures  for  15  minutes.  At  the  end  of  the 
digestion  period  rinse  the  contents  of  the  test  tube  into  a 
2CX)  c.c.  volumetric  flask  and  dilute  to  a  volume  of  about 
150  c.c. 

Transfer  l  mg.  of  N  in  the  form  of  ammonium  sulphate  to 
another  200  c.c.  volumetric  flask;  to  this  standard  add  i  c.c.  of 
urease  solution  and  dilute  to  about  150  c.c.  Then  add  with 
shaking  (with  a  cylinder)  20  c.c.  of  Nessler  solution  to  each. 
Dilute  to  volume  and  make  the  color  comparison,  never  omit¬ 
ting  first  to  read  the  standard  against  itself. 

The  height  of  the  standard  (usually  20  mm.)  divided  by 
the  height  of  the  unknown  gives  the  nitrogen,  in  mg.,  present 
in  the  fraction  of  a  c.c.  of  undiluted  urine  contained  in  the 
I  c.c.  of  diluted  urine  taken  for  the  analysis. 

Unless  the  colorimetric  reading  is  between  14  mm.  and 
30  mm.,  the  determination  should  be  repeated  with  i  c.c.  of 
urine  so  diluted  as  to  give  readings  coming  within  those  limits. 
Calculate  the  nitrogen  (urea  plus  ammonia)  and  subtract  the 
preformed  ammonia-N. 
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A  few  explanatory  remarks  may  be  added.  Many  kinds  of  bio¬ 
logical  nitrogenous  materials,  particularly  amino-acids,  peptones,  and 
albumins,  prevent  the  development  of  the  color  reaction  given  by 
ammonia  and  Nessler’s  reagent.  This  was  first  discovered  in  attempts 
to  determine  by  direct  Nesslerization  the  ammonia  formed  in  pan¬ 
creatic  digestion  mixtures.  If  very  little  such  nitrogenous  material 
is  present  the  result  obtained  is  deceptive,  for  then  the  color  is 
merely  diminished  and  the  error  will  not  be  detected.  The  careful 
observer  will  find,  however,  that  in  such  cases  the  color  obtained 
tends  to  be  visibly  more  greenish  and  less  distinctly  red  than  the 
standard.  Because  of  the  serious  interference  caused  by  albuminous 
materials  it  may  be  thought  that  the  procedure  described  above  is  not 
applicable  to  albuminous  urines,  but  a  series  of  determinations  have 
shown  that  even  urines  very  rich  in  albumin  have,  in  fact,  so  little  in 
comparison  with  the  amount  of  urea  present  that  correct  results  are 
invariably  obtained  by  direct  Nesslerization. 

Because  of  the  extremely  low  nitrogen  content  of  our  urease  prep¬ 
aration  it  is  not  really  essential  that  the  urease  should  also  be  added 
to  the  standard  ammonia  solution,  but  we  have  thought  it  best  to 
recommend  that  it  be  added  simply  as  a  precaution  against  the  pos¬ 
sible  occurrence  of  less  good  urease  preparatioms.  In  recommending 
the  addition  of  the  urease  to  the  standard  as  well  as  to  the  urine 
we  have  also  had  in  mind  the  probability  that  some  will  omit  the 
use  of  the  permutit  when  making  the  alcoholic  urease  extracts  and 
will  then  have  variable  small  traces  of  ammonia  in  their  extracts. 

The  reason  why  the  urease  decomposition  had  best  be  made  in 
test  tubes  rather  than  in  volumetric  flasks  is  to  avoid  failure  due  to 
the  use  of  flasks  which  have  been  u.sed  for  Nesslerization  purposes. 
Such  flasks  may  look  perfectly  clean,  but,  unless  they  have  been 
rinsed  with  nitric  acid,  they  will  contain  enough  mercury  compounds 
to  destroy  entirely  the  urease,  and  scarcely  a  trace  of  ammonia  will 
be  obtained. 

Compare  the  urea-N  value  of  the  urea  solution  with  that  ob¬ 
tained  by  the  Macro  Kjeldahl  process. 

Uric  Acid  Preparation  of  Uric  Acid  from  Urine. — To 
500  c.c.  of  urine  add  25  g.  of  ammonium  sulphate,  stir  until 
the  sulphate  is  dissolved,  and  add  about  10  c.c.  of  ammonia. 
Let  stand  over  night,  filter,  and  wash  two  or  three  times  with 
water  containing  a  little  ammonia.  Transfer  the  precipitate 
to  a  small  beaker,  add  a  few  drops  of  hydrochloric  acid,  and 
let  stand  till  the  following  day.  Examine  the  crystals  under 
the  microscope. 

Murexid  Test  for  Uric  Acid. — Place  a  few  uric  acid  crystals 
on  a  porcelain  crucible  cover.  Add  three  drops  of  strong  nitric 
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acid.  Heat  cautiously,  blowing  on  the  liquid  to  complete  dry¬ 
ness.  A  red  color  should  appear.  Let  cool  and  add  a  few 
drops  of  dilute  ammonia.  Repeat  with  caffein.  Explain. 

Phosphotungstic  Acid  Test  for  Uric  Acid. — Boil  a  few 
crystals  of  uric  acid  in  lo  c.c.  of  water.  Cool.  Add  i  c.c.  of 
“qualitative  uric  acid  reagent”  {see  p.  147).  Then  add  10  c.c. 
of  saturated  sodium  carbonate  solution.  A  pronounced  blue 
color  should  be  obtained.  Repeat  the  reaction  with  5  c.c. 
of  urine. 

Colorimetric  Determination  of  Uric  Acid  in  Urine. — The 

determination  of  uric  acid  in  urine  by  means  of  the  colori¬ 
metric  uric  acid  reagent  of  Folin  and  Denis  can  be  made  in  a 
number  of  different  ways.  The  method  first  described  may 
seem  a  little  cumbersome  because  of  the  precipitate  formed, 
but  it  is  very  dependable  because  of  the  perfect  proportionality 
of  the  colors  obtained  from  different  quantities  of  uric  acid. 
The  difference  in  color  usually  allowed  in  colorimetry  is  50 
per  cent.,  but  in  this  case  the  color  reaction  is  proportionate 
to  differences  amounting  to  200  per  cent,  when  0.5  mg.  of 
uric  acid  is  taken  as  the  standard. 

I.  Transfer  about  3  c.c.  of  water  and  2  to  5  c.c.  of  urine  to 
a  centrifuge  tube.  Add  3  c.c.  of  clear  acid  silver  lactate  (5  g. 
of  silver  lactate  and  5  c.c.  of  lactic  acid  plus  5  c.c.  of  10  per 
cent,  sodic  hydrate  per  100  c.c.)  and  centrifuge.  Remove  the 
supernatant  liquid  as  completely  as  possible.  Transfer  5  c.c. 
of  the  standard  uric  acid  formalin  solution  to  a  100  c.c.  volu¬ 
metric  flask.  To  it  add  from  a  buret,  2  c.c.  of  15  per  cent, 
sodium  cyanid,  and  add  the  same  amount  of  cyanid  to  the 
silver  precipitate  in  the  centrifuge  tube.  Stir  the  latter 
until  dissolved.  Then  rinse  it  into  a  100  c.c.  flask  by  means 
of  20  c.c.  of  20  per  cent,  sodic  carbonate  solution  in  a  cylinder, 
and  add  5  c.c.  of  water  to  balance  that  in  the  standard.  Add 
20  c.c.  of  sodic  carbonate  solution  to  the  standard,  and  then 
add  with  shaking  5  c.c.  of  the  uric  acid  reagent  to  each  flask. 
Let  stand  for  5  minutes.  At  the  end  of  this  time  shake  a  few 
seconds,  fill  up  to  the  mark  with  water  and  shake  vigorously 
for  a  few  seconds.  After  mixing  pour  out  (or  into  test  tubes) 
about  40  c.c.  from  each  flask.  This  latter  procedure  facilitates 
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the  settling  of  the  sediment  and  the  subsequent  use  of  the 
clear  supernatant  solutions  for  the  color  comparison.  The 
sediment  is  extremely  heavy,  and  settles  very  rapidly,  and 
the  supernatant  solutions  are  crystal  clear.  If  the  standard 
is  set  at  20  mm.,  10  divided  by  the  reading  of  the  unknown 
gives  the  quantity  of  uric  acid  in  milligrams  in  the  volume  of 
urine  taken. 

The  sediment  formed  in  the  reaction  is  a  sodium  salt  pro¬ 
duced  from  a  decomposition  product  of  the  surplus  uric  acid 
reagent.  The  reagent  is  very  unstable  in  solutions  sufficiently 
alkaline  to  give  the  reaction  with  uric  acid.  The  greater  part 
of  the  added  reagent  is  therefore  necessarily  wasted.  By  tak¬ 
ing  less  reagent  (2  or  3  c.c.)  and  by  doing  the  reaction  at  a 
volume  of  60  to  70  c.c.,  it  is  possible  to  prevent  the  formation 
of  a  precipitate  within  the  time  required  for  the  color  com¬ 
parison  ;  but  w’hen  such  conditions  are  selected  there  is  some 
danger  of  getting  less  than  the  required  proportionate  amount 
of  color  from  solutions  having  more  uric  acid  than  the 
standard. 

2.  The  most  satisfactory  procedure  for  getting  a  fairly 
good  degree  of  proportionality  without  precipitate  formation 
is  as  follows : 

Transfer  3  c.c.  of  water  and  i  to  5  c.c.  of  urine  to  a  cen¬ 
trifuge  tube.  Add  3  c.c.  of  the  acid  silver  lactate  solution, 
centrifuge,  and  decant.  Transfer  5  c.c.  of  the  standard  uric 
acid  solution  to  a  100  c.c.  flask,  add  i  c.c.  of  15  per  cent, 
sodium  cyanid  to  it  and  to  the  silver  precipitate.  When  the 
latter  has  dissolved,  rinse  it  by  means  of  50  c.c.  water  (from 
a  cylinder)  into  a  100  c.c.  volumetric  flask.  Add  45  c.c.  of 
water  to  the  standard;  then  add  first  15  c.c.  of  20  per  cent, 
sodic  carbonate  and  2  c.c.  of  20  per  cent,  lithium  sulphate 
solution,  and  finally  add,  with  shaking,  3  c.c.  of  the  uric  acid 
reagent  to  each.  Let  stand  4  minutes,  dilute  to  volume,  mix, 
and  make  the  color  comparison,  never  omitting  first  to  read 
the  standard  against  itself. 

In  order  to  determine  the  degree  of  proportionality  ob¬ 
tainable  with  each  of  the  two  processes  described  above, 
compare  the  colors  obtained  from  different  volumes  of  the 
standard  uric  acid  solution — beginning  with  a  comparison 
between  5  c.c.  and  lo  c.c.  of  the  standard, 
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In  making  uric  acid  determinations  do  not  forget  that 
sodium  cyanid  and  prussic  acid,  set  free  from  the  cyanid 
by  acids,  are  extremely  poisonous.  Pour  the  discarded  solu¬ 
tions  directly  into  the  drain  pipes  of  sinks. 

Preparation  of  Standard  Uric  Acid  Solution. — Uric  acid 
is  almost  completely  insoluble  in  free  form,  and  in  the  form 
of  salts  (urates)  the  uric  acid  gradually  decomposes.  It  has 
therefore  been  a  matter  of  no  little  difficulty  to  find  a  suitable 
solvent  for  the  preparation  of  stable  standard  uric  acid  solu¬ 
tions.  The  stability  of  the  stock  solution  described  here  de¬ 
pends  on  the  fact  that  uric  acid  gives  soluble  addition  products 
with  formaldehyd  when  the  latter  is  present  in  a  large  excess. 
'Fhe  compounds  formed  have  properties  entirely  different 
from  those  of  free  uric  acid.  These  compounds  are  not 
broken  up  by  acids,  but  they  dissociate  to  a  certain  degree 
on  diluting  with  water,  so  that,  after  diluting,  the  whole  of 
the  uric  acid  present  gives  the  color  reaction  with  the  uric 
acid  reagent,  exactly  the  same  as  does  an  equivalent  quantity 
of  free  uric  acid. 

Transfer  200  mg.  of  uric  acid  to  a  clean  beaker.  Transfer 
with  a  cylinder  20  c.c.  of  0.5  per  cent,  lithium  carbonate  solu¬ 
tion  (supplied)  to  another  beaker;  dilute  with  10  c.c.  of  water, 
heat  to  60  to  70°  C.,  and  pour  this  warm  alkali  on  the  uric  acid 
and  stir  until  the  uric  acid  is  completely  dissolved.  As  soon 
as  a  clear  solution  is  obtained,  add  10  c.c.  of  40  per  cent,  form¬ 
aldehyd  and  then  2  c.c.  of  50  per  cent,  acetic  acid.  Transfer 
the  solution  (piantitatively  to  a  200  c.c.  volumetric  flask  and 
dilute  to  volume,  mix  and  transfer  to  a  bottle.  The  solution 
contains  i  mg.  of  uric  acid  per  cubic  centimeter.  100  c.c.,  or 
250  C.C.,  or  a  liter  of  similar  standard  stock  solution  of  uric 
acid  can,  of  course,  be  prepared  in  the  same  manner  by  using 
corresponding  amounts  of  uric  acid,  lithium  carbonate,  acetic 
acid,  and  formaldehyd.  If  a  large  volume  is  prepared,  it 
should  be  kept  in  a  series  of  well-filled  small  bottles. 

When  uric  acid  determinations  are  to  be  made,  transfer 
10  c.c.  of  the  stock  solution  to  a  100  c.c.  volumetric  flask, 
dilute  to  volume  with  water  and  mix.  Ten  cubic  centimeters 
of  the  solution  so  obtained  contains  i  mg.  of  uric  acid,  and 
5  c.c.  (0.5  mg.  of  uric  acid)  is  a  suitable  amount  to  use  for 
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each  determination.  The  diluted  solution  keeps  for  2  weeks, 
or  longer,  because  it  is  acid  in  reaction,  and  the  formalin  keeps 
out  moulds. 

Preparation  of  Uric  Acid  Reagent. — ^Transfer  lOO  mg.  of 
sodium  tungstate  to  a  2  liter  Hask  and  add  750  c.c.  of  dis¬ 
tilled  water.  Shake  until  solution  is  obtained.  A  little  white, 
fine,  insoluble  residue  remains,  due  to  presence  of  calcium. 
To  the  solution  add  80  c.c.  of  85  per  cent,  phosphoric  acid, 
ordinar}'  phosphoric  acid  syrup.  Close  the  mouth  of  the  flask 
with  a  funnel  plus  twt)  watch  glasses,  one  small  and  one 
large,  and  boil  gently  but  continuously  for  2  hours.  The 
color  of  the  solutions  depends  on  how  much  organic  material 
(dirt)  is  present.  If  it  is  very  dark,  it  may  be  bleached  by 
addition  of  a  few  drops  of  bromin,  but  this  is  usually  super¬ 
fluous.  Boil  for  10  to  15  minutes  more  to  remove  the  surplus 
bromin.  Cool  and  dilute  to  l  liter. 

Creatinin. — Transfer  to  a  small  bottle  about  3  g.  dry  picric 
acid.  Add  about  100  c.c.  of  urine,  insert  a  cork,  and  shake 
continuously  for  ten  minutes.  Filter  a  portion  of  the  mixture, 
and  transfer  5  c.c.  of  the  filtrate  to  a  bottle  or  flask  (capacity 
not  less  than  250  c.c.). 

Measure  5  c.c.  of  the  original  urine  into  another  similar 
flask  or  bottle.  Add  to  each,  first  20  c.c.  saturated  picric 
acid  solution,  and  then  5  c.c.  10  per  cent,  sodic  hydrate.  Let 
stand  5  to  10  minutes,  and  add  2(X)  c.c.  tap  water  to  each. 

Remove  by  decantation  the  liquid  from  the  bottle  contain¬ 
ing  urine  and  picric  acid,  and  to  the  sediment  add  about 
25  c.c.  water  and  15  c.c.  sodic  hydrate  (10  per  cent.).  Shake, 
let  stand  for  a  few  minutes,  and  fill  the  bottle  with  tap  water. 

The  substance  in  urine  which  is  precipitated  by  picric  acid 
and  which  gives  a  deep  red  color  with  alkaline  picrate  solu¬ 
tions,  is  creatinin.  No  other  known  substance  occurring  in 
normal  urine  gives  this  color  reaction.  Therefore,  on  the 
basis  of  this  reaction,  it  is  easy  to  determine  the  creatinin 
quantitatively. 

Quantitative  Determination  of  Creatinin. — A.  suitable  and 
convenient  “creatinin  reagent”  is  prepared  by  adding  75  c.c. 
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of  lo  per  cent,  .sodic  hydrate  to  a  liter  of  saturated  picric  acid 
solution.  If  the  picric  acid  is  pure  and  the  alkaline  solution 
is  kci)t  away  from  the  light  and  from  dust,  it  keeps  well  for 
several  days.  It  is  usually  more  safe,  however,  to  prepare 
only  so  much  of  the  solution  as  is  used  up  the  same  day.  For 
a  single  determination  it  is  not  worth  while  to  prepare  the 
reagent;  employ  instead  the  picric  acid  solution  and  the 
alkali,  using  20  c.c.  of  the  former  and  1.5  c.c.  of  the  latter. 

By  means  of  an  Ostwald  pipet  transfer  i  c.c.  or  2  c.c.  urine 
to  a  100  c.c.  volumetric  flask.  To  another  similar  flask  transfer 
I  c.c.  of  a  standard  creatinin  solution  (1.61  g.  of  creatinin 
zinc  chlorid  dissolved  in  one  liter  of  tenth  normal  hydro¬ 
chloric  acid),  I  c.c.  of  which  contains  l  mg.  of  creatinin.  To 
each  flask  add  20  c.c.  of  picric  acid  solution,  then  add  from 
a  buret  1.5  c.c.  of  10  per  cent,  sodic  hydrate  to  each,  and  let 
stand  for  ten  minutes.  If  the  alkaline  picrate  solution  is  used, 
add,  with  a  cylinder,  20  c.c.  to  each  flask.  At  the  end  of  ten 
minutes  dilute  to  the  mark  with  water  and  mix. 

Read  the  standard  against  itself  in  the  colorimeter  at 
20  mm.  until  the  correct  value  (20  mm.)  can  be  obtained.  The 
error  in  reading  should  not  exceed  .2  mm.  Rinse  the  right- 
hand  cup  and  prism  with  the  unknown,  and  determine  its 
color  in  terms  of  the  standard  set  at  20  mm.  Twenty  divided 
by  the  reading  gives  the  creatinin  in  milligrams  in  the  quan¬ 
tity  of  urine  taken  (i  to  5  c.c.). 

Calculate  the  total  creatinin. 

In  earlier  forms  of  the  colorimetric  determination  of  cre¬ 
atinin  and  creatin  in  pathological  urines  the  acetone  bodies 
(aceto-acetic  acid  and,  to  a  less  extent,  acetone)  interfered  with 
the  production  of  the  color,  and  dependable  results  could  be 
obtained  only  after  removal  of  the  same  by  heat  and  aeration. 
Careful  investigation  has  shown  that  neither  aceto-acetic  acid 
nor  acetone,  in  quantities  ever  found  in  urine,  interferes  in  the 
process  here  described.  The  reason  for  this  favorable  out¬ 
come  is  the  lower  degree  of  alkalinity  used. 

Creatin. — Unless  considerable  meat  or  fish  has  been  eaten, 
the  urine  of  normal  adults  contains  only  traces  of  creatin. 
Urines  of  children  and  of  sick  persons,  particularly  fever 
patients,  appear,  on  the  other  hand,  to  contain  relatively  con- 
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siderable  quantities  of  crcatin  (.2  g.  to  i  g.  or  more  per  day 
in  fever  patients). 

Creatin  is  determined  in  such  urines  by  first  converting  it 
into  creatinin.  This  is  done  as  follows: 

Measure  the  urine  (usually  i  c.c.)  into  a  flask  (capacity 
300  c.c.)  and  add  20  c.c.  saturated  picric  acid  solution  (not 
the  creatinin  reagent).  Weigh  flask  and  contents  and  add 
about  150  c.c.  water.  Boil  gently  for  45  minutes,  then  more 
rapidly  until  the  original  volume  (determined  by  weighing) 
is  obtained  (a  variation  of  3  or  4  g.  makes  no  appreciable  dif¬ 
ference).  Cool.  Add  1.5  c.c.  10  per  cent,  sodic  hydrate,  let 
stand  10  minutes,  and  compare,  as  in  the  case  of  preformed 
creatinin,  with  the  color  obtained  from  i  mg.  creatinin. 

Twenty  divided  by  the  reading  gives  the  sum  of  the  creatin 
and  creatinin  present. 

Calculate  the  total  quantity  and  subtract  the  preformed 
creatinin. 

If  an  autoclave  is  available,  the  conversion  into  creatin  can 
be  made  more  rapidly. 

Measure  the  urine  (i  c.c.)  into  a  100  c.c.  volumetric  flask, 
and  add  20  c.c.  saturated  picric  acid  solution.  Cover  the 
mouth  of  the  flask  with  tinfoil,  and  heat  in  the  autoclave  at 
1 15  to  120°  for  20  minutes.  Cool,  add  1.5  c.c.  sodic  hydrate, 
and  finish  the  determination  in  the  usual  manner. 

Hippuric  Acid. — Take  with  the  evening  meal  2  g.  of  so¬ 
dium  benzoate,  and  collect  the  urine  until  next  morning. 

Evaporate  to  small  volume  and  transfer  with  a  little  wash 
water  to  a  small  flask.  Acidify  strongly  with  sulphuric  acid 
and  put  away  for  twenty-four  hours.  Filter  and  dry  the  pre¬ 
cipitate,  consisting  of  hippuric  acid,  uric  acid,  and  other  sub¬ 
stances.  Extract  the  hippuric  acid  with  acetic  ether.  Set 
aside  for  spontaneous  evaporation.  Examine  microscopically. 
Heat  the  dry  substance  in  a  dry  tube,  and  note  the  odor  of 
bitter  almonds  (benzaldehyd). 

Determination  of  Sulphur  by  Titration. — (Fiske,  /.  Biol. 
Chem.,  47,  59.) — Transfer  to  a  100  c.c.  volumetric  flask  suf¬ 
ficient  urine  to  contain  betw'een  10  and  20  mg.  of  sulphur  in 
the  form  of  inorganic  sulphate,  and  dilute  to  about  50  c.c.  with 
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water.  (Ordinarily,  an  amount  of  urine  corresponding  to  a 
30-minute  period  will  be  suitable.  When  smaller  volumetric 
flasks  are  available,  proportionately  less  urine  may  be  used.) 
Add  I  drop  of  phenolphthalein  solution,  followed  by  concen¬ 
trated  ammonium  hydro.xid,  drop  by  drop,  until  the  contents 
become  faintly  pink.  Now  add  10  c.c.  of  a  5  per  cent,  solution 
of  ammonium  chlorid  and  about  1.5  g.  of  finely  powdered 
basic  magnesium  carbonate  (to  remove  the  phosphate).  Make 
up  to  the  mark,  stopper,  shake  for  i  minute,  and  let  stand 
for  half  an  hour.  Filter,  through  a  dry  paper,  into  a  dry  flask 
or  bottle.  This  filtrate  is  used  for  all  three  sulphur  determina¬ 
tions. 

Inorganic  Sulphate. — Pipet  5  c.c.  of  the  filtrate  into  a  large 
lipped  Pyrex  test  tube.  Add  2  drops  of  a  0.04  per  cent,  alco¬ 
holic  solution  of  bromphenol  blue  and  5  c.c.  of  water.  Then 
add  approximately  N  HCl,  drop  by  drop,  until  the  solution 
is  yellow  without  a  trace  of  blue.  Run  in  2  c.c.  of  benzidin 
reagent,^  and  let  stand  for  2  minutes.  Finally,  add  4  c.c.  of 
95  per  cent,  acetone,  and  let  stand  for  10  minutes  more.  Mean- 
w'hile  prepare  a  thin  mat  of  paper  pulp  in  the  bottom  of  the 
special  filtration  tube  provided  for  the  purpose,  wash  with 
water,  and  suck  dry.  On  this  mat,  filter  the  benzidin  sulfate 
precipitate  with  very  gentle  suction.  Wash  by  rinsing  down 
the  sides  of  the  Pyrex  test  tube  with  i  c.c.  of  95  per  cent, 
acetone  and  transferring  to  the  filtration  tube;  wash  twice 
more  with  1  c.c.  of  acetone,  and  once  with  5  c.c. 

With  the  aid  of  a  wire  and  a  little  water,  poke  the  precipi¬ 
tate  and  mat  through  the  hole  in  the  bottom  of  the  filtration 
tube  back  into  the  Pyrex  test  tube.  Rinse  off  the  wire  with 
a  few  drops  of  water,  and  titrate  the  contents  of  the  test  tube 
(hot)  with  0.02  N  NaOH,®  after  adding  2  drops  of  a  0.05  per 
cent,  aqueous  solution  of  phenol  red.  In  order  to  be  sure  that 
all  the  precipitate  is  removed  from  the  filtration  tube,  the 
latter  should  be  left  suspended  in  the  mouth  of  the  test  tube 
until  about  i  c.c.  of  alkali  has  been  run  in  (through  the  filtra- 


‘  Suspend  4  g.  of  benzidin  in  about  150  c.c.  of  water  in  a  250-c.c.  volu¬ 
metric  flask.  Add  50  c.c.  of  N  HCl.  Shake  until  dissolved,  and  dilute  to 
the  mark.  Filter  if  necessary. 

’  Made  by  diluting  20  c.c.  of  o.i  N  NaOH  to  100  c.c. 
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tlon  tube).  The  tube  can  then  be  rinsed  with  2  or  3  c.c.  of 
water  from  a  wash  bottle,  and  further  washed  by  boiling  the 
solution  until  steam  escapes  from  the  mouth.  After  another 
rinsing  with  a  few  c.c.  of  water,  the  filtration  tube  may  be 
removed,  and  the  titration  completed  by  running  the  alkali 
directly  into  the  test  tube,  until  9.92  c.c.  produces  a  definite 
pink  color  that  remains  after  boiling  again. 

Benzidin  is  an  extremely  weak  base,  and  benzidin  sul¬ 
phate  behaves  in  this  titration  as  if  it  were  an  equivalent 
amount  of  sulphuric  acid.  The  amount  of  inorganic  sulphur 
in  the  5  c.c.  of  filtrate  analyzed  is  obtained  (in  mg.)  by  multi¬ 
plying  the  titration  figure  by  0.32. 

Total  Sulphate. — To  5  c.c.  of  the  same  filtrate  in  a  100  c.c. 
beaker  add  i  c.c.  of  3  N  HQ  (approximate).  Heat  on  a 
water  bath  until  the  solution  has  evaporated  to  dryness,  and 
for  10  minutes  longer.  Transfer  the  contents  of  the  beaker 
to  a  lipped  Pyrex  test  tube  with  five  2  c.c.  portions  of  water, 
add  2  c.c.  of  benzidin  reagent,  and  proceed  as  in  the  method 
for  inorganic  sulphate.  The  calculation  is  the  same  as  before. 

Total  Sulphur. — Transfer  about  0.25  c.c.  of  Benedict’s 
total  sulphur  reagent^  to  a  small  evaporating  dish  (6  cm.), 
and  add  5  c.c.  of  the  urine  filtrate.  Evaporate  cautiously  to 
dryness  on  a  wire  gauze  or  hot  plate.  Gradually  increase  the 
heat,  as  in  the  gravimetric  method,  and  finally  ignite  for  2 
minutes  directly  over  the  flame  (at  red  heat).  CqoI  for  5 
minutes.  Add  i  c.c.  of  3  N  HQ  and  evaporate  to  dryness 
(until  the  green  color  has  changed  to  brown).  Transfer  to  a 
lipped  Pyrex  test  tube  with  five  2  c.c.  portions  of  water,  add 
I  drop  of  N  HQ  and  2  c.c.  of  benzidin  reagent.  The  rest 
of  the  determination  is  the  same  as  in  the  two  other  methods, 
except  that  the  first  c.c.  of  acetone  for  washing  should  be 
replaced  by  2  c.c.  of  50  per  cent,  acetone. 

Determination  of  Inorganic  Sulphates. — (/.  Biol.  Chem., 
I,  131.) — Transfer  to  a  250  c.c.  beaker  25  c.c.  of  the  ammonium 
sulphate  solution  in  which  the  ammonia  was  determined  (p. 


^  20  g.  of  copper  nitrate  crystals  and  5  g.  of  potassium  chlorate  per 
100  c.c. 
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23).  Dilute  with  water  to  about  100  c.c. ;  add  10  c.c.  of  20 
per  cent,  sodium  chlorid  solution  and  5  c.c.  of  concentrated 
hydrochloric  acid. 

The  addition  of  sodium  chlorid  is  necessary  only  when  the  sulphate 
determination  is  to  be  made  in  ammonium  or  potassium  sulphate 
solutions.  Such  solutions  give  too  low  sulphate  values  unless  sodium 
chlorid  is  added.  The  reason  is  rather  obscure,  but  in  general  it  may 
he  stated  that  the  sulphate  precipitate  obtained  is  practically  never 
pure  BaSO^,  but  by  adding  sodium  chlorid  the  precipitate  obtained 
has  been  found,  empirically,  to  give  the  weight  corresponding  to 
BaSO^.  Urine  contains  so  much  more  of  sodium  than  of  ammonium 
and  potassium  salts  that  in  urine  analysis  the  addition  of  sodium 
chlorid  is  not  required. 

Fill  a  buret  with  5  per  cent,  barium  chlorid  solution  and 
place  the  beaker  containing  the  sulphate  solution  under  it  so 
that  the  buret  will  deliver  on  the  side  (the  spout)  of  the 
beaker.  Add  thus,  drop  by  drop,  10  to  15  c.c.  of  barium 
chlorid.  The  contents  in  the  beaker  must  not  be  stirred  or 
agitated  to  any  degree  while  the  barium  is  added.  If  BaS04 
is  formed  too  rapidly  in  the  cold,  much  “occlusion”  takes  place, 
and,  in  addition,  the  precipitate  is  apt  to  be  so  fine  that  it  will 
pass  through  when  filtering.  After  the  beaker  has  stood  for 
10  to  30  minutes  mixing  the  contents  of  the  beaker  will  do  no 
harm  and  must  be  done  to  complete  the  precipitation.  Let 
stand  for  i  to  24  hours,  according  to  convenience,  before  filter¬ 
ing.  (The  ethereal  sulphates  are  not  hydrolyzed  in  the  cold.) 

Prepare  an  asbestos  mat  as  follows:  Fill  the  Gooch  cru¬ 
cible  with  the  freshly  shaken  asbestos  suspension  once,  or  at 
the  most  twice.  Pack  the  asbestos  down  by  vigorous  suction 
(water  pump).  The  mat  should  be  about  i  mm.  thick.  Then 
cover  the  mat  with  a  perforated  porcelain  plate  or  with  a 
layer  of  sea  sand,  5  to  7  mm.  thick.  The  sand  should  previ¬ 
ously  be  kept  for  at  least  24  hours  in  contact  with  5  per  cent, 
hydrochloric  acid.  Wash  the  asbestos  and  covering  with 
water  and  moderate  suction  until  the  filtrate  is  free  from  as¬ 
bestos  particles,  and  water  clear.  Make  as  dry  as  possible  by 
suction.  Heat  very  gently  at  first  (not  over  100°  C.)  to  drive 
off  the  steam  without  mechanical  disturbance  of  the  mat; 
then  ignite;  cool  for  15  to  20  minutes,  and  weigh.  The  same 
mat  can  be  used  for  several  successive  sulphate  determinations, 
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provided  that  adequate  care  is  taken  not  to  disturb  the  mat 
either  by  too  rapid  use  of  w-ater  when  filtering  or  by  steam 
during  the  heating. 

Transfer  the  barium  sulphate  to  the  Gooch  crucible  and 
wash  6  to  lo  times  with  distilled  water.  Heat  to  dryness, 
ignite,  cool,  and  weigh.  From  the  weight  of  the  BaS04  ob¬ 
tained,  calculate  the  ammonium  sulphate  and  compare  with 
the  weight  known  to  be  present.  Repeat  with  25  c.c.  of  urine 
to  which  has  been  added  about  75  c.c.  of  water  and  5  c.c.  of 
hydrochloric  acid.  (No  sodium  chlorid  need  be  added  when 
working  with  urine.)  Calculate  the  results  as  S. 

Determination  of  Total  Sulphates. — In  this  determination 
the  ethereal  sulphates  must  be  hydrolyzed  by  hydrochloric 
acid  and  heat  before  barium  chlorid  is  added.  Transfer  25  c.c. 
of  urine  to  a  beaker,  add  about  25  c.c.  of  w'ater  and  5  c.c.  of 
concentrated  hydrochloric  acid.  Cover  with  a  watch  glass  and 
boil  gently  for  20  to  30  minutes.  Then  dilute  to  about  100  c.c., 
heat  to  boiling,  and  with  a  pipet  add  10  c.c.  of  5  per  cent, 
barium  chlorid  solution.  Let  stand  for  an  hour,  or  as  much 
longer  as  may  be  convenient.  Filter,  wash,  ignite,  cool,  and 
weigh,  as  in  the  case  of  the  inorganic  sulphate  determination. 

Calculate  the  S  and,  by  subtraction  of  the  corresponding 
values  obtained  for  inorganic  sulphates,  calculate  the  S  pres¬ 
ent  in  the  form  of  ethereal  sulphates. 

Determination  of  Total  Sulphur. — (Benedict,  /.  Biol.  Chem., 
6,  363;  Denis,  /.  Biol.  Chem.,  8,  401.) — Transfer  25  c.c.  of  urine 
to  a  porcelain  dish  (diam.  10  to  12  cm.)  ;  add  5  c.c.  of  a  solution 
containing  25  per  cent,  of  copper  nitrate  and  25  per  cent,  of 
sodium  chlorid,  and  10  per  cent,  of  ammonium  nitrate.  Evap¬ 
orate  to  dryness  on  the  water  bath.  Then  heat  over  a  flame, 
preferably  over  a  Fletcher  burner ;  the  burners  attached  to 
the  copper  condensers  used  in  Kjeldahl  determinations  are  also 
good.  The  heat  should  be  very  moderate  at  first  and  should 
then  be  gradually  increased  until  the  dish  becomes  almost  red 
hot;  continue  the  vigorous  heating  for  10  minutes  so  as  to  de¬ 
compose  and  drive  off  all  of  the  nitric  acid  fumes.  The  or¬ 
ganic  matter,  including  the  sulphur  compounds,  is  thus 
oxidized,  but  the  sulphates  formed  do  not  escape;  they  are 
held  back  as  copper  sulphate.  The  sodium  chlorid  present  in 
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the  oxidizing  nitrate  mixture  serves  to  prevent  mechanical 
losses  due  to  the  explosive  violence  with  which  the  oxidations 
are  apt  to  occur  without  the  presence  of  the  sodium  chlorid. 
Allow  the  dish  to  cool.  Add  20  c.c.  of  10  per  cent,  hydro¬ 
chloric  acid  and  warm  quickly.  Filter  the  dissolved  contents 
into  a  beaker,  using  for  this  purpose  75  to  too  c.c.  of  hot 
water.  Heat  to  boiling  and  add  slowly  15  c.c.  of  5  per  cent, 
barium  chlorid  solution.  Let  stand  an  hour,  or  longer,  filter 
on  the  asbestos  mat,  wash,  ignite,  cool,  and  weigh. 

Calculate  the  S,  and  by  subtraction  of  the  S  found  as  total 
sulphates,  calculate  the  values  corresponding  to  the  “neutral” 
or  “unoxidized”  sulphur. 

Colorimetric  Method  for  the  Determination  of  Inorganic 
Phosphate  in  Urine. — (Bell  and  Doisy,  Jour.  Biol.  Cheni.,  1920, 
XLIV,  55.) — This  method  depends  on  the  same  reaction  as 
the  method  for  the  determination  of  uric  acid — the  reduction 
of  phosphotungstic  or  phosphomolybdic  acid  with  the  forma¬ 
tion  of  a  blue  color.  If  molybdic  acid  is  added  to  a  solution 
of  phosphoric  acid  (i.e.,  an  acidified  solution  of  a  phosphate), 
phosphomolybdic  acid  is  formed.  If  the  solution  is  reduced 
with  hydroquinone  and  made  alkaline,  a  blue  color  is  formed, 
the  intensity  of  which  is  proportional  to  the  amount  of  phos¬ 
phate  originally  present.  Molybdates  are  not  reduced  by 
hydroquinone. 

Method. — Transfer  one  to  five  c.c.  of  urine,  according  to 
concentration,  into  a  100  c.c.  flask;  transfer  5  c.c.  of  standard 
monopotassium  phosphate  solution  containing  0.5  mg.  of 
phosphorus  (0.4394  g.  per  liter)  into  another  similar  flask. 
To  each  flask  add  25  c.c.  of  phosphate-free  (distilled)  water, 
5  c.c.  of  molybdic  acid  solution  (this  is  a  5  per  cent,  solution 
of  ammonium  molybdate  in  normal  sulphuric  acid)  and  5  c.c. 
of  2  per  cent,  hydroquinone  solution.  These  solutions  should 
be  gently  mixed  in  the  flasks  and  allowed  to  stand  for  5 
minutes.  Twenty-five  c.c.  of  carbonate-sulphite  solution  (15 
per  cent.  NagCOs  and  3  per  cent.  NaaSOj)  is  then  added  to 
each  flask,  and  both  flasks  are  made  up  to  volume,  mixed,  and 
allowed  to  stand  at  least  5  minutes  before  reading. 

The  color  of  the  standard  solution  is  compared  with  that 
of  the  urine,  setting  the  standard  at  20  mm. 
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One  precaution  must  be  strictly  adhered  to  in  order  to 
secure  accurate  results  with  this  method.  Since  the  solution 
in  the  cup  of  the  colorimeter  does  not  change  color  at  the 
same  rate  as  that  remaining  in  the  flask,  both  cups  of  the 
instrument  must  be  filled  at  the  same  instant.  This  is  best 
done  by  removing  both  cups  from  the  instrument,  filling  both 
and  replacing,  one  with  each  hand,  as  nearly  at  the  same  time 
as  possible.  After  filling  the  cups  it  is  best  to  wait  two  or 
three  minutes  before  making  the  readings. 

Whenever  the  solution  in  otie  cup  is  to  be  changed  for  any 
reason,  both  cups  must  be  removed  and  refilled  in  the  above 
manner. 

The  reagents  keep  well  in  hard  glass  vessels,  but  some 
silica  is  absorbed  from  soft  glass.  Silicomolybdic  acid  is  re¬ 
duced  by  hydroquinone  just  as  is  phosphomolybdic. 

Determination  of  Phosphates. — Standard  Phosphate  So¬ 
lution. — Dissolve  4.39  g.  pure  monopotassium  phosphate  in 
water  and  dilute  to  500  c.c.  Each  c.c.  contains  2  mg.  phos¬ 
phorus.  Label  and  preserve. 

Standard  Uranium  Solution. — Dissolve  18  g.  uranium 
acetate  and  50  c.c.  50  per  cent,  acetic  acid  in  water.  Dilute 
to  500  c.c.  If  turbid,  allow  to  settle  (for  a  day  or  two),  and 
remove  the  clear  supernatant  solution  by  means  of  a  siphon. 

Transfer  25  c.c.  of  the  phosphate  solution  to  a  flask,  add 
5  c.c.  special  sodic  acetate  solution  (containing  10  per  cent, 
acetate  and  3  per  cent,  acetic  acid),  heat  to  boiling,  and  add 
15  to  20  c.c.  of  the  clear  uranium  solution  from  a  buret.  Heat 
again  to  boiling,  and  now  add  the  uranium  slowly  until  2 
drops  of  the  phosphate  uranium  mixture  when  added  (by 
means  of  a  glass  tube  drawn  out  to  a  point  like  a  pipet)  to 
a  minute  pinch  of  powdered  potassium  ferrocyanid  (on  a 
white  plate)  gives  a  faint  yet  unmistakable  brownish  colora¬ 
tion. 

Repeat  until  the  exact  titrating  value  of  the  uranium  solu¬ 
tion  has  been  ascertained. 

Calculate  the  value  of  the  uranium  solution  in  terms  of 
phosphorus  (P)  and  also  as  HgP04.  Label  and  preserve. 

Determination  of  Phosphates  in  Urine. — Measure  50  c.c. 
of  urine  into  a  flask,  add  sodic  acetate,  heat  to  boiling,  and 
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titrate  with  the  uranium  solution,  exactly  as  in  the  case  of 
the  standard  phosphate  solution.  After  having  found  the  ap¬ 
proximate  phosphate  content  by  means  of  the  preliminary 
titration,  repeat,  adding  nearly  all  the  required  uranium  solu¬ 
tion  at  once  to  the  hot  urine,  and  finish  by  adding  only  a 
few  drops  at  a  time. 

Calculate  in  terms  of  phosphorus  and  of  phosphoric  acid 
the  phosphate  content  of  the  24-hour  urine  under  examination. 
This  method  is  not  very  reliable. 

Acidity  of  Urine. — (See  Am.  Journ.  of  Physiology,  9,  265, 
1903,  and  13,  102,  1905.) 

Nearly  all  of  the  titra table  acidity  of  urine  is  due  to  acid 
phosphate.  The  end  point  of  this  titration  is  not  very  sharp, 
partly  on  account  of  the  color  of  the  urine  (compare  p.  119) 
and  partly  because  of  the  presence  of  ammonium  salts.  The 
titration  is  further  complicated  by  the  presence  of  calcium, 
for  when  alkali  is  added  to  a  mixture  of  phosphate  and  calcium 
some  tribasic  phosphate  is  precipitated.  In  the  presence  of 
sodium  or  potassium  oxalate  the  premature  formation  of  tri¬ 
basic  salt  is  prevented.  But,  on  account  of  the  ammonium 
salts,  there  is  still  danger  of  over-titrating  and  the  first  dis¬ 
tinguishable  coloration  should  be  taken  as  the  end  point. 
With  phenolphthalein  as  indicator  titrate  the  acidity  of  i  per 
cent,  monopotassium  phosphate  solution  (20  c.c.). 

Repeat  after  having  added  5  c.c.  of  neutral  calcium  chlorid 
solution  (2  per  cent.). 

Repeat  after  having  added  5  c.c.  of  the  calcium  chlorid 
solution  and  5  c.c.  of  saturated  neutralized  potassium  oxalate 
solution. 

Note. — For  accurate  work  15  g.  of  solid  neutral  potassium  oxalate 
should  be  used  instead  of  the  oxalate  solution  prescribed,  but  it  is 
rather  difficult  to  obtain  strictly  neutral  oxalate. 

Transfer  20  c.c.  of  undiluted  urine  to  a  small  flask  or 
beaker,  add  5  c.c.  of  the  oxalate  solution.  With  another 
sample  of  the  same  urine  in  another  flask  or  beaker  as  a 
guide,  and  with  phenolphthalein  as  indicator,  titrate  until  the 
oxalated  urine  becomes  a  shade  darker  than  the  other. 
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Calculate  the  acidity  for  the  whole  urine  in  terms  of  tenth 
normal  acid. 

Calculate  the  phosphate  of  the  same  urine  in  terms  of  tenth 
normal  phosphoric  acid,  but  considering  the  H3PO4  as  a 
monobasic  acid.  Compare  the  two  values. 

Compare  also  the  acidity  and  the  phosphate  with  the  am¬ 
monia,  expressed  in  c.c.  of  tenth  normal  solution.  The  am¬ 
monia  usually  varies  more  or  less  directly  with  the  acid 
phosphate  (and  the  acidity). 

Determination  of  Chlorids. — Stand.\rd  Silver  Nitrate 
Solution. — This  is  prepared  by  dissolving  23.94  g.  silver  ni¬ 
trate  per  liter  of  solution  (or  5.99  g.  in  250  c.c.). 

Standard  Ammonium  Sulphocyanate  Solution. — Dis¬ 
solve  6  g.  of  the  salt  in  800  to  900  c.c.  water.  Transfer  10  c.c.  of 
the  silver  solution  to  a  beaker  or  flask;  add  50  c.c.  water,  5  c.c. 
concentrated  nitric  acid,  and  2  c.c.  of  saturated  ferric  ammo¬ 
nium  sulphate  solution.  By  means  of  a  buret,  titrate  the  acidi¬ 
fied  silver  solution  w'ith  the  sulphocyanate  solution.  On  the 
basis  of  the  result,  dilute  a  part  of  the  sulphocyanate  solution 
so  as  to  give  500  c.c.  (or  a  liter)  of  a  solution,  20  c.c.  of  which 
is  exactly  equivalent  to  10  c.c.  of  the  silver  solution. 

Each  c.c.  of  the  silver  solution  corresponds  to  5  mg.  chlorin 
(or  to  8.23  mg.  sodium  chlorid). 

The  chlorin  determination  in  urine  is  carried  out  as  follows: 

Pipet  10  c.c.  of  urine  into  a  100  c.c.  volumetric  flask,  add 
50  c.c.  distilled  water,  5  c.c.  saturated  ferric  alum  solution,  and 
5  c.c.  concentrated  nitric  acid.  Add  20  c.c.  standard  silver 
nitrate  solution,  fill  up  to  the  mark  with  distilled  water,  and 
shake.  Filter  through  a  dry  filter  into  a  dry  beaker  or  flask. 
With  a  clean,  dry  pipet  transfer  50  c.c.  of  the  filtrate  to  another 
beaker,  flask,  or  evaporating  dish,  and  titrate  in  the  same 
manner  as  when  standardizing  the  silver  solution. 

Since  the  sulphocyanate  solution  is  half  as  strong  as  the 
silver  solution,  and  since  only  one-half  of  the  surplus  silver 
was  taken  for  titration,  20  minus  the  sulphocyanate  titration 
figure  represents  the  silver  nitrate  which  has  combined  with 
the  chlorin  of  the  urine  to  form  silver  chlorid.  This  figure 
multiplied  by  5,  or  by  8.23,  gives  the  chlorin,  or  sodium  chlorid, 
(in  milligrams)  present  in  10  c.c.  of  urine. 
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Calculate  the  twenty-four  hour  quantity. 

Simplified  Chlorid  Determination. — The  removal  of  the 
silver  chlorid  precipitate  in  the  preceding  method  is  generally 
conceded  to  be  necessary,  because  of  the  fact  that  a  part  of  the 
silver  chlorid  is  converted  into  silver  sulphocyanate  during 
the  titration,  unless  thus  remov'cd.  The  error  due  to  this  side 
reaction  when  the  chlorid  is  not  removed  is  a  loss  of  about 
0.05  c.c.  of  sulphocyanate  for  5  c.c.  of  urine,  a  loss  amounting 
to  a  deficit  of  about  o.i  g.  of  sodium  chlorid  per  liter  of  urine. 

Standard  silver  nitrate.  Dissolve  7.28  g.  of  silver  nitrate 
and  dilute  to  a  volume  of  250  c.c.  One  c.c.  is  equivalent  to 
10  mg.  of  NaCl. 

Indicator. — To  100  g.  of  ferric  ammonium  sulphate  add 
100  c.c.  of  water  and  200  c.c.  of  concentrated  nitric  acid. 
Five  c.c.  of  the  resulting  solution  is  taken  for  each  titration. 

Standard  Ammonium  Sulphocyanate. — Dissolve  4  g.  of 
ammonium  sulphocyanate  in  200  c.c.  of  water  and  mix. 
Transfer  10  c.c.  of  the  standard  silver  nitrate  solution  to  a 
beaker,  add  20  c.c.  of  distilled  water  and  5  c.c.  of  the  indicator. 
Fill  a  buret  with  the  sulphocyanate  solution,  and  titrate  with 
constant  stirring  until  the  characteristic  reddish  end  point  is 
reached.  On  the  basis  of  the  figure  obtained,  prepare  200  or 
250  c.c.  of  ammonium  sulphocyanate  solution,  which  is  equiva¬ 
lent  to  the  standard  silver  nitrate  solution.  With  a  pipet 
transfer  5  c.c.  of  urine  to  a  beaker,  add  20  c.c.  of  water,  5  c.c. 
of  indicator,  and  finally  (with  a  pipet)  10  c.c.  of  silver  nitrate 
solution.  While  stirring  with  a  glass  rod,  titrate  the  surplus 
silver  with  the  standard  sulphocyanate  solution  until  the  first 
faint  but  unmistakable  brown  or  reddish  coloration  is  ob¬ 
tained.  On  standing  or  continued  stirring  the  color  would 
disappear,  so  the  very  first  end  point  must  be  taken. 

Subtract  the  ammonium  sulphocyanate  used  (in  c.c.)  from 
10  and  multiply  by  10.  This  gives,  in  mg.,  the  amount  of 
sodium  chlorid  present  in  5  c.c.  of  urine.  Calculate  the 
twenty-four  hour  quantity. 

Indican.  To  10  c.c.  of  urine  add  2  c.c.  of  copper  sulphate 
solution,  5  c.c.  chloroform,  and  an  equal  volume  (12  c.c.)  of 
strong  hydrochloric  acid.  Close  the  mouth  of  the  tube  with 
the  thumb,  and  cautiously  invert  a  few  times. 
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The  amount  of  incllcan  present  is  proportional  to  the  depth 
of  color  of  the  chloroform  extract.  This  qualitative  test  is 
often  made  roughly  quantitative  by  using  the  color  of  Fehl- 
ing’s  solution  as  a  standard. 

Metabolism  Experiments. — Weigh  accurately  a  small, 
clean,  dry  flask.  Pipet  into  it  25  c.c.  of  urine  and  weigh  again. 
From  the  data  obtained  calculate  the  specific  gravity  of  the 
urine. 

Determine  the  specific  gravity  of  the  same  sample  of  urine 
by  means  of  an  ordinary  clinical  areometer.  Compare  the 
results  obtained,  and  explain  how  to  standardize  a  clinical 
areometer. 

Collect  a  full  twenty-four  hour  quantity  of  urine,  and  in  it 
determine  the  following:  Volume,  specific  gravity,  acidity, 
/>",  total  nitrogen,  urea,  ammonia,  uric  acid,  creatinin,  chlo- 
rids,  phosphates,  sulphates,  ethereal  sulphates.  Test  qualita¬ 
tively  for  indican. 

For  two  days  eat  no  meat,  fish,  eggs,  milk,  cheese,  peas, 
or  beans,  and  only  a  little  bread.  Eat  much  butter,  potatoes, 
vegetables,  starch  preparations,  fruit,  and  candy.  Repeat  all 
the  determinations  with  the  second  twenty-four  hour  quantity. 

For  two  days  eat  all  the  meat  products  you  can,  and  collect 
the  two  twenty-four  hour  quantities  of  urine.  In  the  second 
twenty-four  hour  quantity  determine  all  the  factors  enumer¬ 
ated  above.  Tabulate  and  compare  the  results  obtained  in  the 
three  series  of  analyses. 

Eat  much  sweetbread,  kidney,  or  liver,  for  one  day;  collect 
the  urine  for  the  whole  twenty-four  hours,  and  estimate  the 
uric  acid.  Compare  with  the  uric  acid  figures  previously  ob¬ 
tained.  Explain. 


PART  VII 


BLOOD 

Hemoglobin  Crystals. — Place  a  drop  of  defibrinated  rat 
blood  on  a  slide,  add  a  drop  or  two  of  water,  mix,  and  cover 
with  a  cover-glass.  Sketch  the  crystals  which  separate  after 
a  few  minutes. 

Hemoglobin  (Reduced  Hemoglobin). — Add  to  dilute  blood 
a  few  drops  of  strong  ammonium  sulphid,  or  one  or  two  drops 
of  freshly  prepared  Stokes’  reagent. 

Examine  spectroscopically. 

Stokes’  reagent  is  a  2  per  cent,  solution  of  ferrous  ammonium 
sulphate  in  3  per  cent,  tartaric  acid,  to  which  is  added  ammonia 
until  a  clear  solution  is  obtained.  The  ammonia  should  be  added 
only  to  the  amount  of  reagent  immediately  needed. 

Shake  the  solution  of  hemoglobin  with  air,  and  note  the 
rapid  change  to  oxyhemoglobin.  Change  the  same  solution 
of  oxyhemoglobin  to  hemoglobin,  and  reverse  two  or  three 
times,  and  note  the  facility  with  which  hemoglobin  takes  up 
and  loses  oxygen. 

Carbon  Monoxid  Hemoglobin. — Pass  a  current  of  illumi¬ 
nating  gas  through  a  dilute  oxyhemoglobin  solution  for  a 
minute,  and  filter.  Note  the  change  of  color.  Try  the  effect 
on  the  solution  of  (i)  ammonium  sulphid,  (2)  Stokes’  reagent, 
(3)  potassium  ferrocyanid,  (4)  shaking  with  air.  Note  the 
stability  of  the  compound. 

Examine  spectroscopically. 

Methemoglobin. — Add  to  dilute  defibrinated  blood  (1.15) 
two  drops  of  a  freshly  prepared  solution  of  sodium  nitrite. 
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Note  the  change.  What  is  the  effect  produced  by  the  addi¬ 
tion  of  reducing  agents  r 

Hematin. — Hemolyze  a  small  quantity  of  blood  and  add 
dilute  hydrochloric  acid  cautiously  till  a  precipitate  occurs. 

Acidify  strongly  with  hydrochloric  acid.  Note  color  (acid 
hematin).  Then  add  sodium  hydrate  till  strongly  alkaline. 
Note  color  (alkaline  hematin).  To  the  alkaline  solution  add 
a  few  drops  of  ammonium  sulphid  and  warm  gently.  Note 
color  (reduced  hematin  or  hemochromogen). 

Hemin  Crystals — Teishmann’s  Test. — Place  a  bit  of  pow¬ 
dered  dried  blood  on  a  glass  slide,  add  a  minute  crystal  of 
sodium  iodid  and  two  drops  of  glacial  acetic  acid.  Cover  with 
a  coverglass  and  warm  gently  over  a  flame  until  bubbles  ap¬ 
pear.  Describe  the  crystals  which  separate. 

Fibrinogen. — Allow  about  6  to  8  volumes  of  fresh  blood  to 
run  from  the  animal  into  i  volume  of  a  i  per  cent,  potassium 
oxalate  solution  (why?).  Allow  to  stand  over  night  in  the 
cold  room,  and  siphon  off  the  clear  plasma.  With  the  solu¬ 
tion  so  obtained  make  the  following  experiments  : 

Dilute  lo  c.c.  with  20  c.c.  of  distilled  water  and  divide  into 
3  equal  portions.  To  one  add  a  little  dilute  (i  per  cent.)  cal¬ 
cium  chlorid  solution.  To  the  second  add  a  few  drops  of 
blood  serum  (why?).  Place  the  three  tubes  in  a  beaker  of 
water  heated  to  40°  and  observe  the  time  of  clotting. 


PART  VIII 


MILK 

Determine  the  specific  gravity  as  in  the  case  of  urine. 

Determination  of  Total  Nitrogen, — Transfer  25  c.c.  milk 
to  a  100  c.c.  volumetric  flask.  Fill  to  the  mark  with  water, 
mix,  and  determine  the  total  nitrogen  in  i  c.c.  Calculate  the 
total  protein  content  of  the  milk  by  multiplying  its  nitrogen 
with  the  factor  6.25. 

Determination  of  Casein. — Transfer  50  c.c.  of  the  diluted 
milk  to  another  100  c.c.  flask,  and  carefully  precipitate  the 
casein  by  the  addition  of  dilute  acetic  acid  and  gentle  shaking. 
Make  up  to  volume  (100  c.c.)  with  water.  Centrifuge  a  por¬ 
tion,  and  determine  the  nitrogen  in  5  c.c.  of  the  clear  liquid. 

Calculate  the  total  nitrogen  (and  protein),  making  due  al¬ 
lowance  for  the  dilutions,  and  subtract  from  the  total  protein 
found  in  the  preceding  experiment.  The  difference  represents 
casein. 

Determination  of  Milk  Sugar. — Transfer  5  c.c.  of  milk  to 
a  small  flask  or  beaker.  Add  20  c.c.  of  water  and  mix  well. 
Fill  the  special  5  c.c.  sugar  buret  used  in  glucose  titrations 
with  the  diluted  milk.  Transfer  to  a  large  test  tube  5  c.c.  of 
6.05  per  cent,  copper  sulphate  solution  and  i  c.c.  of  saturated 
sodic  carbonate  solution.  Shake  for  a  moment,  then  add  about 
5  g.  of  the  salt  mixture  used  in  glucose  titrations.  (P.  87.) 
Add  4.2  c.c.  of  diluted  cow’s  milk,  or  2.8  c.c.  of  diluted  mother’s 
milk,  and  boil  gently  for  four  minutes  counting  from  the  time 
of  actual  beginning  boiling.  At  the  end  of  four  minutes  add 
more  milk  (0.02  to  0.3  c.c.),  unless  it  is  apparent  that  the  initial 
addition  is  enough.  Boil  one  minute  after  each  fresh  addition. 
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In  the  sugar  titration  in  the  case  of  milk  one  can  assume 
that  cow's  milk  will  contain  a  little  less  than  5  per  cent,  and 
that  mother’s  milk  may  contain  no  more,  but  may  go  as  high 
as  7  per  cent. ;  hence  w’ith  mother’s  milk  it  is  not  advisable  to 
start  with  more  than  2.8  c.c.  for  the  first  boiling  period. 

Calculation :  5  c.c.  of  the  copper  sulphate  solution  is  re¬ 
duced  in  about  5  minutes  by  40.4  mg.  of  lactose.  4.04  times 
5,  the  degree  of  dilution,  or  20.0,  divided  by  the  volume  of 
diluted  milk  used  gives  the  per  cent,  of  lactose  in  the  milk. 

Determination  of  Fat. — Measure  out  17.6  c.c.  of  thoroughly 
mixed  milk  into  a  Babcock  flask.  Add  17  c.c.  sulphuric  acid 
(sp.  gr.  1.82)  and  mix  thoroughly,  with  gentle  turning  and 
shaking,  until  all  the  precipitated  proteins  have  dissolved. 
Rotate  in  the  centrifuge  for  3  minutes.  Add  hot  water  up  to 
the  beginning  of  the  graduations  in  the  neck  of  the  flask,  and 
rotate  for  i  minute.  The  graduations  read  in  per  cent,  of  fat. 


PART  IX 


BONE 

Weigh  a  piece  of  clean,  raw  bone  on  the  laboratory  scales. 
Immerse  in  about  lO  times  its  weight  of  lO  per  cent,  hydro¬ 
chloric  acid  in  a  flask.  If  any  gas  is  evolved,  determine  what 
it  is. 

After  48  hours  dilute  the  volume  of  the  solution  and  what 
remains  of  the  bone  to  a  definite  volume  in  a  cylinder.  Mix 
so  as  to  get  the  solution  uniform  in  composition. 

Pipet  out  25  c.c.  of  the  solution,  neutralize  with  sodic 
hydrate,  using  Congo  red  paper  as  indicator,  and  determine 
the  phosphates.  Repeat. 

Calculate  the  tricalcic  phosphate  corresponding  to  the 
phosphoric  acid  found. 

Taking  other  portions  of  the  original  solution,  demonstrate 
experimentally  that  all  the  calcium  in  the  bone  can  not  be 
precipitated  together  with  the  phosphoric  acid  present. 

In  what  form  is  this  excess  of  calcium  present  in  bone? 

Examine  the  insoluble  substance  left  in  the  hydrochloric 
acid  solution.  What  is  the  substance?  Prepare  a  “gelatin” 
solution  from  it. 


181 


PART  X 


BILE 

Character  of  Bile. — Determine  the  specific  gravity,  taste, 
odor,  color,  consistency,  reaction,  of  the  bile  supplied. 

Test  for  coagulable  protein. 

Bile  Salts. — Mix  250  c.c.  ox-bile  with  one-fourth  its  volume 
of  bone-black,  and  evaporate  nearly  to  dryness  on  the  water 
bath.  Cool,  transfer  the  residue  to  a  flask,  and  extract  with 
200  c.c.  of  alcohol  over  night.  Filter,  and  evaporate  the  filtrate 
to  dryness  on  the  water  bath.  Dissolve  the  residue  in  abso¬ 
lute  alcohol,  and  filter  into  a  dry  flask.  Add  anhydrous  ether 
till  permanent  cloudiness  develops.  Place  in  the  cold  room  to 
crystallize.  Filter.  Describe  the  crystals. 

Pettenkofer’s  Test  for  Bile  Salts. — Mix  a  little  bile  with  2 
or  3  drops  of  10  per  cent,  solution  of  cane  sugar.  Place  in  a 
test  tube  some  concentrated  sulphuric  acid.  Incline  the  tube 
containing  the  sulphuric  acid,  and  pour  the  bile  solution 
slowly  down  the  side  of  the  tube  so  that  it  forms  a  layer 
above  the  sulphuric  acid. 

Gmelin’s  Test  for  Bile  Pigments. — Put  5  c.c.  of  nitric  acid, 
containing  some  nitrous  acid,  in  a  test  tube,  and  introduce  on 
top  of  it  (pipet)  about  5  c.c.  of  diluted  bile.  Note  what  occurs. 
Study  the  delicacy  of  the  reaction  with  very  dilute  solution 
of  bile. 

Test  for  Bile  in  Urine. — The  presence  of  bile  in  human 
urine  is  usually  indicated  by  its  color  and  the  color  of  the 
foam.  In  making  the  nitric  acid  test  for  albumin,  the  presence 
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of  bile  is  also  revealed  by  a  series  of  colored  rings  (green, 
blue,  violet,  red,  and  yellowish-red). 

A  similar  series  of  colors  is  occasionally  obtained  from 
urines  w-hich  have  been  preserved  with  thymol.  This  is  one 
of  the  objections  to  this  otherwise  excellent  preserv'ative. 

To  lo  c.c.  of  urine  add  a  few  drops  of  calcium  chlorid 
solution  and  a  few  drops  of  lO  per  cent,  sodic  hydrate.  Filter. 
Remove  the  filter  paper  from  the  funnel,  open  it,  and  drop  i 
or  2  drops  of  concentrated  nitric  acid  on  the  sediment.  In 
the  presence  of  (human)  bile  the  usual,  characteristic  series 
of  colored  rings  is  obtained. 


SUPPLEMENT 


URINE 


Qualitative  Test  for  Acetone  in  Urine.— Clinicians  seldom 
differentiate  between  acetone  and  diacetic  acid,  and  the  “ace¬ 
tone  tests”  which  they  use  are  tests  for  diacetic  acid  rather 
than  for  acetone.  {See  p.  199.) 

In  the  qualitative  test  for  acetone,  as  for  its  quantitative 
determination,  the  acetone  is  first  removed  from  the  urine  by 
means  of  an  air  current,  just  as  in  corresponding  determi¬ 
nations  (and  tests)  for  ammonia. 

In  the  large  test  tube  used  for  the  colorimetric  determi¬ 
nation  of  ammonia  place  first  5  c.c.  of  urine  and  i  to  2  drops 
dilute  acid  (HCl  or  H2SO4).  Then  insert  the  rubber  stopper 
carrying  the  absorption  tube,  etc.  Place  the  test  tube  in  a 
beaker  of  lukewarm  water  (35  to  40°  C.),  and  aspirate  the 
volatile  acetone  by  means  of  a  moderately  rapid  air  current 
into  a  test  tube  containing  5  c.c.  distilled  water  and  5  c.c.  Scott- 
Wilson  reagent.  If  acetone  is  present,  even  if  only  in  minute 
traces,  the  solution  becomes  turbid.  If  the  amount  of  acetone 
obtained  is  extremely  small,  the  turbidity  may  not  appear  for 
5  to  10  minutes. 

The  Scott-Wilson  reagent  for  acetone,  which  is  used  for  qualita¬ 
tive  tests  as  well  as  for  quantitative  determinations,  is  most  con¬ 
veniently  prepared  as  follows : 

To  10  g.  of  mercuric  cyanid  dissolved  in  600  c.c.  of  water  add  a 
cooled  solution  of  180  g.  of  sodium  hydroxid  in  600  c.c.  of  water. 
Transfer  this  mixture  to  a  heavy  walled  glass  jar,  and  to  it  add  2.9 
g.  of  silver  nitrate  dissolved  in  400  c.c.  of  water.  The  silver  solution 
should  be  added  in  a  slow  stream,  and  the  addition  must  be  accom¬ 
panied  by  constant  and  exceedingly  vigorous  stirring  witli  a  heavy 
glass  rod.  If  properly  made,  the  silver  dissolves  completely,  giving 
a  clear  solution,  which  is  at  once  available  for  use.  If  the  solution 
is  turbid,  it  should  be  set  aside  to  settle  for  three  or  four  days  and 
.he  clear  supernatant  liquid  removed  by  means  of  a  siphon. 

In  the  clear  reagent  a  new  sediment  gradually  forms,  so  that  the 
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solution  deteriorates  slowly  and  after  a  few  months  is  not  service¬ 
able  for  quantitative  work,  though  still  good  for  qualitative  tests. 

Titration  of  Acetone  and  Preparation  of  Standard  Acetone 
Solutions. — Standard  solutions  of  iodin,  sodium  thiosulphate, 
and  potassium  permanganate  are  needed  in  this  work,  the 
latter  being  used  only  as  a  basis  for  making  the  other  two 
accurate.  Five  tenths  N  permanganate  solution  may  be  used. 

Iodin. — Weigh  roughly  lo  to  12  g.  of  potassium  iodid  in  a 
beaker  and  add  50  c.c.  of  water.  Weigh  out  6.4  g.  iodin  in  a 
small  beaker  covered  with  a  watch  glass  and  add  this  to  the 
potassium  iodid  solution.  Stir  until  the  iodin  is  dissolved  and 
then  transfer  the  resulting  solution  to  a  500  c.c.  volumetric 
flask.  Dilute  to  the  mark  with  water  and  mix. 

Sodium  Thiosulphate. — Weigh  out  24.85  g.  of  the  salt 
(NagSjOa-f-sHoO),  dissolve  in  water,  transfer  to  a  500  c.c. 
volumetric  flask,  fill  to  the  mark  with  water,  and  mix. 

The  two  solutions  thus  prepared  should  be  approximately 
tenth  normal.  Their  relative  values  are  determined  by  titra¬ 
tion  as  follows: 

Pipet  20  c.c.  of  the  iodin  solution  into  a  flask  (capacity 
500-600  c.c.)  and  add  about  100  c.c.  water.  From  a  buret, 
run  in  the  thiosulphate  solution  until  the  reddish-brown  iodin 
color  has  faded  to  a  faint  straw  yellow.  Now  add  a  few  drops 
of  starch  solution  (see  p.  65)  and  continue  the  titration  till 
the  blue  iodid  of  starch  color  disappears.  The  end  point  of 
this  titration  is  very  sharp. 

The  value  of  the  thiosulphate  solution  is  now  determined 
as  follows: 

Weigh  roughly  2  g.  potassium  iodid,  transfer  to  a  flask, 
and  dissolve  in  about  150  c.c.  water.  Add  5  c.c.  diluted  hydro¬ 
chloric  acid  (1-5)  and  50  c.c.  .05  N  potassium  permanganate 
solution. 

The  permanganate  sets  free  an  equivalent  quantity  of  iodin 
according  to  the  following  equation  : 

2KMn04  +  loKI  -f  16HCI  =  12KCI  -f-  sMnClj  -f-  8H2O  +  5!, 

The  iodin  thus  liberated  is  then  titrated  with  the  sodium 
thiosulphate  solution  in  the  same  manner  as  the  original  iodin 
solution. 
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From  the  relative  values  of  the  iodin,  the  thiosulphate,  and 
the  permanganate  solutions,  the  exact  values  of  the  first  two 
(In  terms  of  tenth  normal  solutions)  are  calculated. 

Standard  Stock  Solution  of  Acetone. — Add  about  i  c.c.  of 
pure  acetone  (from  the  bisulphite  compound)  to  water  In  a 
one  liter  volumetric  flask,  dilute  to  the  mark,  and  mix.  The 
titration  of  acetone  with  iodin  is  based  on  the  fact  that  in  al¬ 
kaline  solutions  the  acetone  is  converted  into  iodoform.  Sev¬ 
eral  reactions  are  involved  in  this  process: 

Iodin  is  converted  into  hypo-iodite, 

1.  I2  2KOH  =  KOI  -f  KI  +  H,0. 

Hypo-iodite  is  then  slowly  converted  into  (useless)  iodate, 

2.  3KOI  =  KI03  -f  2KI. 

The  hypo-iodite  converts  acetone  into  iodoform  and  acetic 
acid, 

3.  3KOI  -f  CH3COCH3  =  CH3COCI3  -f  3KOH. 

4.  CH3COCI3  -f  KOH  =  CH3COOK  +  CHI3. 

On  acidifying,  after  the  iodoform  has  been  formed,  the 
surplus  iodin  present  as  hypo-iodite  (and  iodate)  is  set  free, 
and  can  then  b’e  titrated  with  the  standard  sodium  thiosul¬ 
phate  solution  as  described  above. 

Each  molecule  of  acetone  uses  up  three  molecules  of  hypo- 
iodite,  and  as  each  molecule  of  the  latter  is  formed  at  the  ex¬ 
pense  of  two  atoms  of  iodin,  six  atoms  of  iodin  correspond  to 
one  molecule  of  acetone.  One  c.c.  of  .1  N  iodin  solution  cor¬ 
responds  therefore  to  .968  mg.  acetone.  Because  of  the  iodate 
formation  a  considerable  excess  must  be  added. 

The  titration  of  the  acetone  solution  is  carried  out  as  fol¬ 
lows: 

Transfer  25  c.c.  of  the  stock  acetone  solution  to  a  flask, 
add  150  to  200  c.c.  water,  then  50  c.c.  of  the  standardized  iodin 
solution,  and  10  c.c.  strong  sodic  hydrate  (40  per  cent.).  Let 
stand  with  occasional  shaking  for  5  minutes.  Add  18  c.c. 
concentrated  hydrochloric  acid,  and  titrate  the  liberated  excess 
of  iodin  with  the  standard  thiosulphate  solution. 
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If  the  standard  solutions  are  exactly  tenth  normal,  sub¬ 
tract  the  volume  of  thiosulphate  employed  from  the  volume 
of  iodin  solution  taken,  and  multiply  the  remainder  (in  c.c.) 
with  .9()8  to  obtain  the  acetone  content  (in  mg.). 

Calculate  the  acetone  content  of  the  stock  solution  (in  mg. 
per  C.C.).  Transfer  to  a  distilling  flask  as  much  of  it  as  con¬ 
tains  exactly  50  mg.  of  acetone.  Add  water  enough  to  make 
a  volume  of  500  to  600  c.c.,  and  distill  with  vigorous  cooling  of 
the  condenser.  The  receiver  should  be  a  large  flask  (750  to 
1000  c.c.)  containing  about  250  c.c.  approximately  normal  sul¬ 
phuric  acid.  Boil  for  20  to  30  minutes,  or  until  at  least  150  c.c. 
of  distillate  has  gone  over.  Transfer  this  distillate  to  a  volu¬ 
metric  (liter)  flask  and  dilute  to  the  mark  with  water.  Ten 
cubic  centimeters  of  the  acetone  solution  so  obtained  contains 
.5  mg.  acetone.  This  solution,  as  well  as  the  original  stock 
solution,  should  be  kept  in  a  well  stoppered  bottle.  The  sul¬ 
phuric  acid  present  in  the  dilute  standard  acetone  solution  is 
added  to  prevent  polymerization. 

Preparation  of  Standard  Acetone  Solutions  from  the  Ace¬ 
tone  Bisulphite  Compound. — A  standard  acetone  solution  can 
be  prepared  without  distillations  from  the  “acetone  sulphite” 
used  in  photography  as  follows : 

Transfer  2.5  g.  of  the  powder  to  a  volumetric  (1000  c.c.) 
flask  by  means  of  a  little  water  (50  c.c.),  and  fill  up  to  the 
mark  wdth  dilute  (l  in  5)  hydrochloric  acid.  Transfer  25  c.c. 
of  the  solution  to  a  fla'sk.  Add  20  c.c.  tenth  normal  iodin, 
let  stand  for  five  minutes,  and  titrate  the  surplus  iodin  with 
tenth  normal  thiosulphate  solution.  This  titration  gives  the 
SO2  or  the  sodium  bisulphite  content. 

To  another  25  c.c.  of  the  acetone  solution  add  50  c.c.  tenth 
normal  iodin,  let  stand  five  minutes,  then  add  10  c.c.  strong 
sodic  hydrate,  followed  after  five  minutes  by  18  c.c.  concen¬ 
trated  hydrochloric  acid.  Titrate  the  liberated  iodin  with 
thiosulphate.  From  the  50  c.c.  of  iodin  taken  subtract  (a) 
the  figure  of  the  last  thiosulphate  titration  and  (b)  the  iodin 
corresponding  to  the  SOj.  The  remainder  corresponds  to  the 
acetone.  From  the  standardized  stock  solution  prepare  the 
more  dilute  standard  solution  (5  c.c.  or  10  c.c.  of  which  should 
contain  exactly  half  a  mg.  of  acetone). 
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If  the  “acetone  sulphite”  is  not  available,  acetone  sodium 
bisulphite  is  easily  prepared  by  slowly  adding  (with  stirring) 
two-thirds  volume  of  ordinary  acetone  to  one  volume  (too  or 
200  c.c.)  of  saturated  sodium  bisulphite  solution  (freshly  pre¬ 
pared  and  filtered).  The  precipitate  should  be  freed  as  com¬ 
pletely  as  possible  from  the  mother  liquor  by  filtering  on  a 
Buchner  funnel  with  suction.  Then  wash  rapidly  two  or 
three  times  with  alcohol.  Let  dry  in  the  open  air  for  two  or 
three  days.  Sieve  to  make  the  preparation  uniform,  and  pre¬ 
serve  in  a  glass  stoppered  vessel. 

Quantitative  Determination  of  Acetone  in  Urine. — To 

about  I  c.c.  of  lo  per  cent,  sulphuric  acid  in  a  large  test  tube 
add  enough  urine  (.5  to  5  c.c.)  to  give  about  .5  mg.  of  free 
acetone  (.3  to  .7  mg.).  Connect  the  test  tube,  as  in  ammonia 
determinations,  with  a  second  test  tube  containing  10  c.c.  of 
fresh  approximately  2  per  cent,  sodium  bisulphite  solution. 
Warm  the  first  test  tube  to  35  to  40°  C.,  as  in  the  qualitative 
test  for  acetone,  and  aspirate  the  acetone  into  the  bisulphite 
solution  by  means  of  a  moderate  air  current  (time  about  10 
minutes).  Transfer  the  sulphite-acetone  solution  to  a  100  c.c. 
volumetric  flask  together  with  distilled  water  enough  to  make 
50  to  60  c.c.  To  each  of  two  other  100  c.c.  flasks  add  10  c.c.  of 
the  standard  acetone  solution  containing  .5  mg.  acetone,  add 
10  c.c.  of  the  2  per  cent,  bisulphite  solution,  and  dilute  with 
distilled  water  to  50  to  60  c.c. 

To  each  of  the  three  flasks  add  15  c.c.  (clear)  Scott-Wilson 
reagent,  and  immediately  (before  turbidity  formation)  dilute 
with  distilled  water  to  the  mark,  mix,  and  let  stand  for  12  to  15 
minutes.  Read  the  turbid  contents  of  one  of  the  standard 
acetone  suspensions  against  itself  in  the  Duboscq  colorimeter. 
The  best  source  of  light  for  these  comparisons  is  diffuse  day¬ 
light  coming  through  an  opening  (about  25  cm.  square)  cut 
through  the  shade  of  a  (north  side)  window.  The  colorimeter 
metal  screen  must  also  be  used.  The  instrument  must  be  ad¬ 
justed  until  20  mm.  of  the  two  suspensions  are  equal.  Now 
replace  the  contents  of  one  of  the  colorimeter  cups  with  the 
contents  of  the  second  standard  suspension,  and  the  other 
with  the  unknown  acetone  mercury  suspension  obtained  from 
the  urine,  and  make  the  turbidity  comparison  in  the  same 
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manner  as  colorimetric  comparisons — setting  the  standard  at 
20  mm. 

Twenty  multiplied  by  .5  and  divided  by  the  reading  of  the 
unknown  (in  mm.)  gives  the  acetone  content  (in  mg.)  of  the 
volume  of  urine  taken  for  the  analysis. 

Qualitative  Test  for  Diacetic  Acid  (in  traces). — To  5  c.c.  of 
urine  in  a  test  tube  add  i  to  2  c.c.  dilute  acetic  acid  (10  per 
cent.)  and  a  small  crystal  of  sodium  nitroprussid.  Shake  a  few 
times  to  dissolve  the  salt,  then  add  an  excess  of  concentrated 
ammonia  (2  to  3  c.c.),  and  mix.  A  violet  color  indicates  dia¬ 
cetic  acid. 

Gerhardt’s  Ferric  Chlorid  Test  for  Diacetic  Acid. — This 
test  is  useful  for  showing  the  presence  in  urine  of  relatively 
large  amounts  of  diacetic  acid.  It  is  made  as  follows:  To 
5  c.c.  of  urine  in  a  test  tube  add  ferric  chlorid  solution  (10 
per  cent.),  drop  by  drop.  At  first  a  white  precipitate  of  ferric 
phosphate  is  obtained,  then,  as  the  addition  of  the  reagent  is 
continued,  a  dark  red  color  is  produced  if  diacetic  acid  is  pres¬ 
ent  (in  more  than  traces). 

y\  number  of  substances  used  as  drugs,  such  as  salicylic 
acid,  phenacetin,  etc.,  give  a  similar  reaction.  If  confusion 
due  to  such  drugs  is  to  be  suspected,  boil  the  deep  red  solution 
for  2  to  3  minutes.  If  the  color  is  due  to  diacetic  acid,  it  should 
disappear  during  the  boiling  and  not  reappear  on  cooling.  The 
disappearance  is  due  to  the  destruction  by  boiling  of  the  un¬ 
stable  diacetic  acid. 

Quantitative  Determination  of  Diacetic  Acid  and  Ace¬ 
tone. — Acetone  urines  contain  from  two  or  three  to  nine  or 
ten  times  as  much  aceto-acetic  acid  as  acetone.  In  strictly 
fresh  urines  the  latter  proportions  prevail ;  but  the  older  the 
urine  the  greater  becomes  the  relative  proportion  of  acetone, 
because  of  the  spontaneous  decomposition  of  the  aceto-acetic 
acid.  Urines  giving  a  strong  ferric  chlorid  reaction  usually 
contain  more  than  .5  mg.  of  aceto-acetic  acid  per  cubic  centi¬ 
meter,  and  must  be  diluted  so  th^t  an  appropriate  fraction  of 
I  c.c.  (of  the  original  urine)  can  be  taken  for  a  determination. 

The  amount  of  urine  taken  should  yield  approximately 
•5  of  acetone  (from  .3  to  .7  mg.).  Tran.sfer  this  amount 
of  urine  to  a  large  test  tube  containing  i  c.c.  of  10  per  cent. 
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sulphuric  acid,  and  connect  with  a  second  test  tube  contain¬ 
ing  lO  c.c.  of  2  per  cent,  sodium  bisulphite  solution.  Immerse 
the  test  tube  containing  the  urine  in  a  beaker  of  boiling  water, 
and  the  second  test  tube  in  cold  water,  then  pass  through  an 
extremely  slow  air  current  for  ten  minutes.  Increase  slightly 
the  speed  of  the  air  current  and  continue  the  aspiration  for 
another  five  minutes.  The  aceto-acetic  acid  plus  acetone  is 
thus  transferred,  in  the  form  of  acetone,  to  the  bisulphite  solu¬ 
tion.  Rinse  the  solution  into  a  lOO  c.c.  volumetric  flask,  and 
determine  the  acetone  exactly  as  in  the  determination  of  the 
preformed  acetone. 

One  mg.  of  acetone  is  equivalent  to  1.8  mg.  of  aceto-acetic 
acid.  From  the  “total  acetone”  of  the  24-hour  quantity  of 
urine  is  subtracted  the  total  preformed  acetone,  and  the  re¬ 
mainder  multiplied  by  1.8  gives  the  aceto-acetic  acid. 

Determination  of  Beta-oxybutyric  Acid  in  Urine. — The 

method  described  below  was  at  first  thought  by  its  authors 
(Folin  and  Denis)  to  give  strictly  all  the  beta-oxybutyric  acid 
present  in  urine.  But  it  now  appears  that  the  yield  is  only 
85  to  95  per  cent.,  just  as  in  the  original  method  of  Shaffer. 

The  urine  is  diluted  from  10  to  100  times,  depending  on  how 
much  of  the  substance  is  present.  The  ammonia  content  of 
the  urine  is  the  best  index  as  to  how  much  urine  is  required 
to  yield  the  desired  amount  of  beta-oxybutyric  acid  (1.5  to  3.5 
mg.).  The  ferric  chlorid  test  for  diacetic  acid  is  also  helpful, 
but  without  considerable  experience  only  a  preliminary  de¬ 
termination  can  give  the  desired  information. 

^Measure  diluted  urine,  equivalent  to  1.5  to  3.5  mg.  of  beta- 
oxybutyric  acid,  into  a  5OT  c.c.  Kjeldahl  flask,  add  a  little  di¬ 
lute  sulphuric  acid  (5  c.c.),  and  water  enough  to  make  a  vol¬ 
ume  of  about  150  c.c.  Boil  the  mixture  gently  for  ten  minutes 
(to  drive  off  the  preformed  acetone  and  the  diacetic  acid), 
then  add  to  the  solution  (with  a  cylinder)  25  c.c.  of  a  solution 
containing  i  per  cent,  potassium  dichromate  and  35  per  cent, 
sulphuric  acid,  and  connect  the  flask,  in  the  usual  manner, 
with  a  condenser  by  means  of  a  specially  treated  rubber 
stopper. 

The  rubber  stopper  should  be  boiled  twice  for  an  hour  in  10  per 
cent,  sodic  hydrate  solution  (or  better,  heated  in  an  autoclave  in  the 
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same  solution  for  half  an  hour  at  130  to  140®  C.).  and  then  thoroughly 
washed.  It  is  also  necessary  to  wrap  the  stopper  thoroughly  in  tin 
foil  during  the  distillation,  so  as  to  exclude  the  volatile  sulphur  im¬ 
purities  which  otherwise  are  given  off  and  interfere  with  the  subse¬ 
quent  turbidity  formation. 

Distill  very  slowly,  for  one  and  one-half  hours,  collecting 
the  distillate  (about  100  c.c.)  in  another  500  c.c.  Kjeldahl 
flask,  previously  charged  with  about  100  c.c.  of  water. 

To  the  distillate  add  a  small  amount  of  sodium  peroxid 
(2  g.),  and  redistill  by  ordinary  rapid  boiling.  Collect  this 
final  distillate  in  a  100  c.c.  volumetric  flask  (or  cylinder). 
About  80  c.c.  should  be  obtained. 

Dilute  this  distillate  to  the  100  c.c.  mark  with  distilled 
water  and  mix.  Transfer  from  25  to  50  c.c.  into  a  100  c.c. 
volumetric  flask,  and  determine  the  acetone  content  by  the 
turbidity  method,  as  in  the  case  of  the  two  preceding  (ace¬ 
tone)  determinations.  No  bisulphite  is  used  in  this  case  to 
hold  the  acetone,  and  none  should  therefore  be  added  to  the 
standard.  Each  milligram  of  acetone  obtained  corresponds 
to  1.78  mg.  of  beta-oxybutyric  acid. 

Shaffer’s  Short  Method  for  the  Determination  of  Beta- 
oxybutyric  Acid. — To  50  c.c.  of  urine  add  100  c.c.  of  water, 
then  50  c.c.  of  basic  lead  acetate  solution  (Goulard’s  Ext. 
U.S.P.),  and  stir.  Add  50  c.c.  approximately  normal  NaOH, 
and  stir  again.  Filter.  A  clear  filtrate  containing  but  traces 
of  lead  or  glucose  is  usually  obtained,  even  though  the  original 
urine  contained  considerable  quantities  of  sugar.  Traces  of 
sugar  do  not  interfere  with  the  determination. 

Introduce  50  c.c.  of  the  filtrate  into  a  500  c.c.  Kjeldahl 
flask  previously  marked  at  the  level  of  100  c.c.  with  a  “glass 
pencil.’’  Add  25  c.c.  of  water  and  50  c.c.  of  half  concentrated 
sulphuric  acid.  The  latter,  if  freshly  prepared  by  mixing 
with  water  (i  :i),  must  be  cooled  before  it  is  used. 

Connect  the  Kjeldahl  flask  with  a  dropping  funnel  and 
with  a  condenser.  Distill  off  about  25  c.c.,  collecting  the  dis¬ 
tillate  in  another  Kjeldahl  flask. 

The  first  distillate  thus  obtained  contains  the  preformed  acetone, 
as  well  as  the  acetone  derived  from  the  aceto-acetic  acid  of  the  urine. 
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By  adding  to  it  5  c.c.  of  strong  alkali  and  redistilling  for  10  minutes, 
this  acetone  is  obtained  in  the  second  distillate,  free  from  impurities, 
and  can  be  titrated  with  iodin  and  thiosulphate. 

After  replacing  the  Kjeldahl  flask  used  as  a  receiver  with 
another  one,  the  distillation  of  the  urine  filtrate  is  continued, 
while  adding  slowly  (about  15  drops  per  10  seconds)  a  .2  per 
cent,  potassium  bichromate  solution. 

During  this  distillation  the  volume  in  the  distilling  flask 
should  be  kept  at  approximately  100  c.c.  (i.e.,  at  the  level  in¬ 
dicated  by  the  pencil  mark).  This  is  readily  accomplished  by 
regulating  the  speed  of  the  distillation  so  that  it  just  about 
equals  the  speed  with  which  the  bichromate  solution  is  added. 
The  speed  of  the  oxidation  is  much  greater  with  increasing 
concentration  of  sulphuric  acid.  With  too  great  concentration 
of  the  acid,  however,  when  the  volume  approaches  a  level  of 
about  70  C.C.,  the  oxybutyric  acid  is  in  part  converted  into 
crotonic  acid,  and  thus  escapes  oxidation  to  acetone. 

The  bichromate  solution  is  added  only  so  fast  as  to  main¬ 
tain  a  very  slight  excess ;  the  blue  green  color  should  largely 
predominate  in  the  boiling  mixture.  Occasionally  it  may  be 
necessary  to  interrupt  the  addition  of  bichromate  for  a  few 
minutes,  but  the  volume  in  the  distilling  flask  should  not  be 
allowed  to  sink  below  85  or  90  c.c.  The  addition  of  bichrom¬ 
ate  should  be  continued  until  no  more  appears  to  be  converted 
into  the  green  chromium  salt.  From  50  c.c.  to  100  c.c.  bichro¬ 
mate  solution  (=.i  g.  to  .2  g.  K2C2O7)  is  usually  required  for 
each  distillation.  The  addition  (and  distillation)  lasts  20  to 
30  minutes. 

The  distillate  obtained  must  be  redistilled,  after  the  addi¬ 
tion  of  5  c.c.  strong  alkali  and  about  20  c.c.  of  30  per  cent, 
hydrogen  peroxid.  This  final  distillation  need  not  last  more 
than  10  minutes.  The  distillate  thus  obtained  is  titrated  in 
the  usual  manner  (p.  193)  with  iodin  and  thiosulphate.  The 
yield  of  acetone  obtained  is  about  90  per  cent,  of  the  theoret¬ 
ical  amount  when  working  with  solutions  of  pure  beta-oxy- 
butyric  acid.  A  correction  of  10  per  cent,  should  therefore  be 
added  to  the  results  obtained. 

Slightly  higher  results  (93  to  94  per  cent.)  may  be  obtained 
by  a  very  slow  addition  of  the  bichromate,  and  a  considerable 
prolongation  of  the  distillation  period,  but  since  the  theoretical 
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amounts  of  acetone  cannot  be  obtained,  the  advantage  so 
gained  is  doubtful. 

Colorimetric  Method  for  the  Determination  of  Phenols  in 
Urine. — The  phosphotungstic  phosphomolybdic  reagent  de¬ 
scribed  in  connection  with  the  colorimetric  determination  of 
uric  acid  (p.  285)  was  originally  devised  as  a  reagent  for 
phenols,  and  is  serviceable  for  the  determination  of  phenols  in 
urinary  filtrates  from  which  the  uric  acid  has  been  removed. 

Transfer  10  c.c.  of  ordinary,  or  20  of  very  dilute,  urine  to 
a  50  c.c.  volumetric  flask.  Add  acid  silver  lactate  solution  ^ 
(from  2  to  10  c.c.)  until  no  more  precipitate  is  obtained,  then 
add  a  few  drops  of  colloidal  iron,  and  shake.  Fill  to  the  mark 
with  distilled  water,  shake  again,  and  filter.  By  means  of  this 
precipitation  uric  acid  and  traces  of  proteins  are  quantitatively 
removed.  Transfer  25  c.c.  of  the  filtrate  to  a  50  c.c.  volumetric 
flask,  and  to  it  add  a  sufficient  quantity  of  saturated  sodium 
chlorid  solution  (containing  10  c.c.  of  strong  hydrochloric  acid 
per  liter)  to  precipitate  all  the  silver.  Fill  to  the  mark  with 
distilled  water  and  filter. 

To  determine  “free”  (non-conjugated)  phenols,  place 
20  c.c.  of  this  filtrate  in  a  50  c.c.  flask,  and  treat  with  5  c.c. 
of  the  phosphotungstic  phosphomolybdic  acid  reagent  and 
15  c.c.  of  saturated  sodium  carbonate  solution.  After  diluting 
to  volume  with  lukewarm  water  (30  to  35°  C.)  and  allowing  to 
stand  for  twenty  minutes,  read  the  deep  blue  solution  in  a 
Duboscq  colorimeter  against  a  standard  solution  of  phenol. 

To  determine  total  (free  and  conjugated)  phenols,  transfer 
20  c.c.  of  the  same  filtrate  to  a  large  test  tube,  add  ten  drops 
of  concentrated  hydrochloric  acid,  and  cover  the  test  tube 
with  a  small  funnel.  Heat  rapidly  to  boiling  over  a  free  flame, 
and  then  place  in  a  boiling  water  bath  (usually  a  tall  beaker) 
for  ten  minutes.  At  the  end  of  this  time  remove  the  tube, 
cool,  and  transfer  the  contents  to  a  100  c.c.  volumetric  flask. 
Add  10  c.c.  of  the  ])hosphotungstic  phosphomolybdic  reagent 
and  25  c.c.  of  saturated  sodium  carbonate  solution.  Make  up 
to  volume,  shake,  and  let  stand  for  20  minutes.  Read  against 
a  standard  solution  of  phenol. 


*  This  solution  consists  of  a  5  per  cent,  silver  lactate  solution  in  5  per 
cent,  lactic  acid. 
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The  standard  Is  a  solution  of  pure  phenol  in  .01  N  HCl, 
containing  .5  mg.  of  the  former  substance  in  5  c.c.  To  5  c.c. 
of  the  standard  solution  in  a  100  c.c.  flask  add  10  c.c.  of  the 
reagent  and  25  c.c.  of  saturated  sodium  carbonate  solution. 
Fill  up  to  the  mark  with  water  (at  about  30°  C.),  and  make 
the  color  comparison  in  the  usual  manner,  setting  the  standard 
at  20  mm.  As  phenol  is  an  exceedingly  hygroscopic  substance, 
it  is  necessary  to  standardize  the  solution  by  means  of  the 
iodometric  titration. 

This  titration  is  carried  out  as  follows:  Make  a  phenol  solution 
in  .1  N  HCl,  containing  i  mg.  of  crystallized  phenol  per  c.c.  Trans¬ 
fer  25  c.c.  of  the  phenol  solution  to  a  250  c.c.  flask,  add  50  c.c.  .1  N 
sodic  hydrate,  heat  to  65°  C.,  add  25  c.c.  .1  N  iodin  solution,  stopper 
the  flask,  and  let  stand  at  room  temperature  thirty  to  forty  minutes. 
Add  5  c.c.  of  concentrated  hydrochloric  acid,  and  titrate  excess  of 
iodin  with  .1  N  sodium  thiosulphate  solution.  One  c.c.  of  .1  N  iodin 
solution  corresponds  to  1.567  mg.  of  phenol.  On  the  basis  of  the 
results,  dilute  the  phenol  solution  so  that  10  c.c.  contains  i  mg.  of 
phenol. 

Because  of  the  red  precipitate  in  the  solution  it  is  rather  difficult 
to  see  the  end  point  of  the  titration.  For  those  who  have  not  had 
much  experience  it  may  be  advisable  to  dilute  the  solution  to  a  defi¬ 
nite  volume  (after  adding  the  hydrochloric  acid),  then  to  filter,  and 
to  titrate  a  portion  of  the  filtrate  as  recommended  by  Sutton ;  with  a 
little  practice,  however,  the  titration  can  be  made  without  this  pro¬ 
cedure. 

Quantitative  Determination  of  Hippuric  Acid  in  Urine. — ■ 

In  this  method  the  hippuric  acid  is  first  hydrolyzed,  and  the 
resulting  benzoic  acid  is  extracted  with  chloroform,  and  the 
chloroform  solution  is  titrated  with  standard  alcoholic  sodic 
hydrate. 

Transfer  100  c.c.  of  urine  to  an  evaporating  dish,  add  10  c.c. 
5  per  cent,  sodic  hydrate  solution,  and  evaporate  to  dryness 
on  the  water-bath.  Rinse  the  residue  into  a  500  c.c.  Kjeldahl 
flask  by  means  of  25  c.c.  of  water  and  25  c.c.  concentrated 
nitric  acid.  Add  .2  g.  copper  nitrate,  a  couple  of  pebbles  to 
prevent  bumping,  and  boil  very  gently  over  a  microburner 
for  four  and  one-half  hours.  During  this  boiling,  a  miniature 
Hopkins’  condenser  (made  from  a  large  test  tube)  is  kept 
within  the  neck  of  the  boiling  flask  to  prevent  loss  of  benzoic 
acid,  which  is  volatile  with  steam. 

209 


After  cooling,  rinse  the  condenser  with  25  c.c.  water,  and 
transfer  the  contents  of  the  flask  to  a  separatory  funnel  (ca¬ 
pacity  500  C.C.).  Rinse  the  flask  with  25  c.c.  water,  thus  mak¬ 
ing  the  total  volume  in  the  separatory  funnel  100  c.c. 

Add  to  this  solution  55  g.  of  ammonium  sulphate,  shake 
until  dissolved,  and  extract  with  neutral  (freshly  washed) 
chloroform  four  times,  using  50,  35,  25,  and  25  c.c.  of  chloro¬ 
form  respectively.  Collect  the  chloroform  extracts  in  another 
separatory  funnel,  and  wash  this  by  shaking  with  100  c.c. 
saturated  solution  of  pure  sodium  chlorid,  to  each  liter  of 
which  has  been  added  .5  c.c.  concentrated  hydrochloric  acid. 

Draw  oft'  the  chloroform  which  contains  the  benzoic  acid 
into  a  dry  flask,  and  titrate  with  a  dilute  standardized  sodium 
alcoholic  solution  and  4  to  5  drops  of  phenolphthalein  as  indi¬ 
cator.  The  first  distinct  coloration  diffusing  through  the 
whole  liquid  is  taken  as  the  end  point  without  regard  to  sub¬ 
sequent  fading. 

The  sodium  ethylate  solution  is  made  by  dissolving  from 
1.8  g.  to  2.3  g.  metallic  sodium  in  absolute  alcohol  and  dilut¬ 
ing  to  a  liter  with  absolute  alcohol.  It  is  standardized  against 
chloroform  solutions  of  benzoic  acid. 

One  cubic  centimeter  of  .1  N  alcoholate  corresponds  to 
1.22  mg.  benzoic  acid  or  1.79  mg.  hippuric  acid. 

Turbidity  Method  for  the  Determination  of  Albumin  in 
Urine. — To  about  75  c.c.  of  water  in  each  of  two  100  c.c.  volu¬ 
metric  flasks  add  5  c.c.  of  a  25  per  cent,  solution  of  sulpho- 
salicylic  acid.  To  one  flask  add  5  c.c.  of  a  standard  protein 
solution,  prepared  as  described  below,  and  containing  10  mg. 
of  albumin.  To  the  other  add  the  albuminous  urine  i  c.c. 
at  a  time  (by  means  of  an  Ostwald  pipet)  until  the  turbidity 
obtained  seems  to  be  reasonably  near  that  of  the  standard. 
Fill  the  two  flasks  up  to  the  mark  with  water,  cautiously  in¬ 
verting  a  few  times  to  secure  mixing.  The  standard  must 
invariably  first  be  read  against  itself  to  secure  the  adjustment 
of  the  colorimeter  (and  of  the  eye).  Then  replace  the  contents 
of  one  of  the  Duboscq  colorimeter  cups  by  the  suspension  of 
the  unknown,  and  make  the  turbidity  comparison  in  the  usual 
manner. 

Set  the  standard  containing  10  mg.  of  protein  at  20  mm. 

211 


The  unknown  must  not  read  less  than  lo  nor  more  than 
30  mm.  Dividing  200  by  the  product  of  the  reading  of  the 
unknown  and  the  number  of  cubic  centimeters  of  urine  taken, 
gives  the  albumin  in  milligrams  per  cubic  centimeter  of  urine. 

It  is  very  important  not  to  shake  the  albuminous  suspen¬ 
sions  in  the  volumetric  flasks  because  of  the  tendency  of  the 
precipitate  to  agglutinate.  The  preliminary  mixing  must 
therefore  be  accomplished  by  means  of  a  few  gentle  inversions. 

The  standard  protein  solution  is  prepared  from  fresh  blood  serum 
free  from  hemoglobin.  For  the  preparation  of  this  serum  either 
slaughter  house  or  normal  human  blood  may  be  used.  The  so-called 
blood  serum  sold  for  the  preparation  of  bacteriological  culture  media 
should  be  avoided,  as  it  is  usually  several  days  old  and  is  frequently 
partially  decomposed.  The  dried  preparations  of  “blood  albumin” 
listed  by  chemical  dealers  are  also  not  satisfactory  for  the  prepara¬ 
tion  of  standard  solutions.  To  prepare  the  standard,  dilute  25  to 
35  c.c.  of  serum  with  a  15  per  cent,  solution  of  chemically  pure  sodium 
chlorid  to  about  1500  c.c.  Mix  and  filter.  By  means  of  nitrogen  de¬ 
terminations  ascertain  the  protein  content  of  the  filtrate  (protein= 
N  X6.25)  and  on  the  basis  of  the  figure  obtained,  dilute  the  solution 
with  15  per  cent,  sodium  chlorid  solution  so  that  it  contains  2  mg.  of 
protein  per  cubic  centimeter.  Sodium  chlorid  in  the  concentration 
mentioned  is  fairly  effective  as  a  preservative.  Nevertheless,  it  is  best 
to  saturate  the  standard  albumin  solution  with  chloroform  (20  c.c.). 

The  above  method  is  not  applicable  to  urines  which  are 
very  deeply  colored  with  blood  or  bile  pigments.  The  method 
is,  of  course,  applicable  to  other  albuminous  fluids  than  urine, 
as,  for  example,  exudates,  transudates,  and  the  cerebrospinal 
fluid. 

Gravimetric  Method  for  the  Determination  of  Albumin  in 
Urine. — The  method  is  as  follows:  Pipet  10  c.c.  of  urine  into 
an  ordinary  conical  centrifuge  tube,  which  has  been  previously 
weighed;  add  i  c.c.  of  5  per  cent,  acetic  acid,  and  let  stand 
for  fifteen  minutes  in  a  beaker  of  boiling  water.  At  the  end 
of  this  time  remove  the  tube  from  the  water  bath,  and  centri¬ 
fuge  for  a  few  minutes.  Pour  off  the  supernatant  liquid,  stir 
up  the  precipitate  in  the  tube  with  about  10  c.c.  of  boiling 
.5  per  cent,  acetic  acid,  and  again  centrifuge.  Remove  the 
supernatant  liquid  from  the  precipitate  in  the  tube,  and  wash 
once  more,  this  time  with  50  per  cent,  alcohol.  After  centri¬ 
fuging  and  pouring  off  the  supernatant  alcohol,  place  the  tube 
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for  two  hours  in  an  air  bath  at  lOO  to  ilo°,  then  cool  in  a  desic¬ 
cator,  and  weigh. 

McCrudden’s  Method  for  the  Determination  of  Calcium 
and  Magnesium  in  Urine. — (/.  Biol.  Chem.,  7,  82  and  10,  187.) 
— If  the  urine  is  alkaline,  make  it  neutral  or  slightly  acid  to 
litmus.  Filter.  Transfer  200  c.c.  of  the  filtered  urine  to  a 
small  flask.  Make  just  alkaline  with  concentrated  ammonium 
hydrate,  and  then  just  acid  with  (concentrated)  hydrochloric 
acid.  The  cloud  of  phosphates  forming  in  alkaline  urine  may 
be  used  as  a  guide  in  the  process  of  acidifying  the  urine.  Cool 
for  a  few  minutes  in  running  water.  Add  10  drops  of  con¬ 
centrated  hydrochloric  acid  and  lO  c.c.  of  2.5  per  cent,  oxalic 
acid.  Now  add  8  c.c.  of  20  per  cent,  sodic  acetate  solution, 
stopper,  and  shake  vigorously  and  continuously  for  about 
ten  minutes.  Filter  on  a  small  ash  free  filter  paper,  and  wash 
free  from  chlorids  with  .5  per  cent,  ammonium  oxalate  solu¬ 
tion.  Transfer  the  filter  and  precipitate  to  a  weighed  plat¬ 
inum  crucible,  dry  over  a  small  flame,  and  then  heat  in  the 
blast  lamp  to  constant  weight,  thus  transforming  the  calcium 
oxalate  to  calcium  oxid.  Cool  in  a  desiccator  and  weigh. 

In  the  combined  filtrate  and  washwater  the  magnesium  is 
determined  as  follows:  Transfer  the  filtrate  to  a  large  por¬ 
celain  dish,  add  20  c.c.  concentrated  nitrip  acid,  and  boil  down 
almost  to  dryness.  When  the  residue  is  nearly  dry  and  no 
more  nitrous  fumes  are  given  off,  add  10  c.c.  concentrated 
hydrochloric  acid  and  again  boil  down  nearly  to  dryness. 
Dilute  with  water  to  a  volume  of  almost  80  c.c.,  and  with 
constant  stirring  add  ammonia,  drop  by  drop,  until  the  mix¬ 
ture  is  alkaline  to  litmus  paper.  Then  add  25  c.c.  dilute  am¬ 
monia  (sp.  gr.  .96)  slowly,  and  with  stirring,  and  set  aside  over 
night  in  a  cool  place.  Filter  on  a  small  filter  paper,  and  wash 
the  precipitate  with  a  dilute  solution  of  alcohol  and  ammonia 
(i  volume  of  alcohol  and  i  volume  dilute  ammonia  mixed 
with  3  volumes  of  water).  Wash  until  the  filtrate  is  free 
from  chlorids.  Dry  the  filter,  and  ignite  in  a  weighted  plat¬ 
inum  crucible.  Cool  and  weigh.  The  residue  is  MgjPoOj. 

Method  for  the  Determination  of  Sodium  and  Potassium 
in  Urine. — Transfer  50  c.c.  of  urine  to  a  platinum  dish  (ca- 
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pacity  about  250  c.c.),  evaporate  to  dryness,  and  then  heat  the 
residue,  at  first  very  cautiously,  over  a  radial  burner.  Con¬ 
tinue  the  heating  at  a  barely  perceptible  dull  red  heat  for  one 
hour.  Cool.  Moisten  the  residue  with  20  c.c.  distilled  water, 
evaporate  to  dryness,  and  heat  as  before  for  another  hour. 
To  the  residue,  which  now  should  contain  very  little  carbon, 
add  50  c.c.  water  and  5  to  6  drops  concentrated  hydrochloric 
acid.  The  mineral  constituents  are  thus  brought  into  solu¬ 
tion.  Add  an  excess  of  saturated  barium  hydroxid  solution 
(i.e.,  to  a  distinctly  alkaline  reaction),  heat  to  boiling,  and 
filter  on  a  Gooch  crucible.  Wash  with  hot  water.  The  filtrate 
should  now  be  substantially  free  from  calcium,  magnesium, 
phosphoric  acid,  and  sulphuric  acid,  but  does  contain  bariurn  in 
addition  to  the  sodium  and  potassium.  Precipitate  the  barium 
by  passing  washed  carbonic  acid  through  the  solution.  Filter 
on  another  Gooch  crucible,  and  wash  with  a  little  cold  water. 
Render  the  filtrate  slightly  acid  to  methyl  orange  (one  drop), 
and  evaporate  to  dryness  in  a  previously  weighed  platinum 
dish.  Heat  the  residue  very  gradually  and  carefully  to  a  dull 
red  heat  for  10  minutes.  Cool  in  a  desiccator  and  weigh.  The 
increase  in  weight  gives  the  sodium  and  potassium  as  chlo- 
rids. 

Dissolve  the  residue  in  a  very  small  quantity  of  water  and 
add  a  few  drops  dilute  hydrochloric  acid.  Then  add  10  per 
cent,  chlorplatinic  acid  solution  (4  to  5  times  as  much  H^PtCl,, 
as  the  combined  weight  of  the  chlorids  present),  and  evapo¬ 
rate  at  medium  temperature,  about  75°  C.,  until  the  residue 
looks  dry.  Now  add  95  per  cent,  alcohol,  filter  on  a  weighed 
Gooch  crucible,  and  wash  several  times  with  95  per  cent,  al¬ 
cohol.  Dry  at  110°  and  weigh.  The  potassium  chlorplatinate 
thus  obtained  multiplied  by  the  factor  .3056  gives  the  corre¬ 
sponding  weight  of  potassium  chlorid.  The  sodium  chlorid 
is  then  obtained  by  subtracting  the  weight  of  the  potassium 
chlorid  from  the  weight  of  the  combined  chlorids. 

In  connection  with  this  determination  there  are  two  fruitful 
sources  of  error:  contamination  of  the  chlorplatinate  precipitate  with 
ammonia  (which,  as  ammonium  chlorplatinate,  gives  too  high  results 
for  potassium),  and  overheating  during  the  ashing  (which  causes 
volatilization  of  the  sodium  chlorid).  Loss  of  chlorids  through  over¬ 
heating  may  be  avoided  by  placing  the  platinum  dish  containing  the 
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dried  urine  on  fragments  of  clay  plate,  or  pieces  of  a  broken  evapo¬ 
rating  dish,  contained  in  a  shallow  iron  dish  (about  20  cm.  in  diam¬ 
eter)  which  is  heated  by  means  of  a  large  size  radial  burner. 

Determination  of  Total  Fixed  Base. — (Fiske,  /.  Biol.  Client., 
5i>  55-) — Measure  into  a  large  lipped  Pyrex  test  tube  (200 
X  20  mm.)  a  sample  of  urine  representing  about  o.i  hour. 
(The  sample  should  not  contain  more  than  5  mg.  of  inorganic 
phosphorus,  so  less  than  the  amount  prescribed  must  be  used 
if  the  phosphorus  content  is  more  than  50  mg.  per  hour,  or 
T.2  gm.  per  day.)  Add  i  c.c.  of  approximately  4  N  sulphuric 
acid,  0.5  c.c.  of  concentrated  nitric  acid,  and  a  quartz  pebble, 
and  boil  down  until  white  fumes  appear.  If  the  residue  does 
not  soon  become  colorless  after  this  stage  has  been  reached, 
cool  .slightly,  add  a  few  drops  more  of  nitric  acid,  and  con¬ 
tinue  the  heating.  When  the  remaining  drop  of  sulphuric 
acid  has  become  clear  and  colorless,  let  cool  for  a  few  minutes, 
and  rinse  into  a  test  tube  (accurately  marked  at  25  c.c.)  with 
four  2  c.c.  portions  of  water.  Add  a  drop  of  a  saturated  alco¬ 
holic  solution  of  methyl  red.  Neutralize  with  powdered  am¬ 
monium  carbonate  until  the  color  of  the  indicator  just  begins 
to  change,  and  restore  the  pink  color  by  adding  4  N  sulphuric 
acid,  I  drop  at  a  time.  Heat  to  boiling,  and  again  restore  the 
pink  color  if  necessary.  Add  a  10.5  per  cent,  solution  of 
ferric  chloride  crystals  (in  o.l  N  HCl)  in  the  proportion  of 
O.I  c.c.  for  each  mg.  of  inorganic  phosphorus  present,  shake, 
and  run  in  i  c.c.  of  a  5  per  cent,  solution  of  ammonium  acetate. 
Add  sufficient  water  to  make  the  total  volume  10  or  ii  c.c., 
heat  again  to  boiling,  and  dilute  to  the  25  c.c.  mark  with  cold 
water.  Close  the  mouth  of  the  tube  with  a  clean,  dry  rubber 
stopper,  invert  2  or  3  times,  and  filter  immediately  through 
a  dry  9  cm.  ashless  paper  into  a  dry  test  tube  or  some  other 
small  receptacle.  The  filter  should  be  kept  nearly  filled  as 
long  as  possible,  and  only  about  20  c.c.  of  filtrate  should  be 
collected.  Stopper  the  tube  containing  the  filtrate,  and  cool. 

Transfer  5  c.c.  of  the  filtrate  to  a  small  platinum  dish,  add 
I  c.c.  of  4  N  sulphuric  acid,  and  evaporate  on  a  water  bath 
until  nearly  dry.  Place  the  dish  on  a  metal  triangle,  and 
heat,  cautiously  at  first,  over  a  microburner,  gradually  raising 
the  flame  until  fumes  have  ceased  to  come  off.  Let  cool, 
sprinkle  over  the  residue  a  little  powdered  ammonium  carbo- 
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nate,  and  ignite  again,  finally  raising  the  flame  to  its  maximum 
and  moving  the  triangle  about  until  each  part  of  the  dish  has 
been  momentarily  subjected  to  a  dull  red  heat.  When  the 
dish  has  cooled,  add  2  c.c.  of  water.  Agitate  until  the  residue 
is  dissolved,  using  a  rubber-tipped  rod  to  assist  in  dissolving 
it  if  necessary.  Transfer  the  contents  of  the  dish  to  a  large 
lipped  Pyrex  test  tube,  and  rinse  four  times  with  2  c.c.  of 
water.  Determine  the  sulphate  content  of  the  solution  by  the 
benzidin  method  (p.  153). 

If  0.02  N  NaOH  is  used  in  titrating  the  benzidin  sulphate 
precipitate,  the  titration  figure  (after  subtracting  a  tempera¬ 
ture  correction  of  i  per  cent.)  give  the  number  of  cubic  centi¬ 
meters  of  o.i  N  fixed  base  in  the  sample  of  urine  used. 

New  Method  for  the  Determination  of  Sugar  in  Normal 
Urine. — (/.  Biol.  Chem.,  1922,  51,  209.) — The  colorimetric 
method  for  the  estimation  of  sugar  in  blood  is  equally  appli¬ 
cable  to  the  determination  of  sugar  in  urine,  provided  that  the 
disturbing  substances  present  in  urine  are  first  removed.  This 
removal  is  adequately  accomplished  by  shaking  the  urine  with 
Lloyd’s  “alkaloid  reagent,”  which  is  made  by  J.  U.  Lloyd, 
Cincinnati. 

The  process  is  as  follows :  To  5  c.c.  of  urine  add  5  c.c. 
tenth  normal  sulphuric  acid  and  10  c.c.  of  water.  Add  1.5 
gm.  of  Lloyd’s  reagent  and  shake  gently  for  2  minutes. 
Filter.  Two  cubic  centimeters  of  the  filtrate  is  the  usual 
amount  used  for  the  sugar  determination.  The  above  men¬ 
tioned  dilutions  are  for  concentrated  urines.  With  more  di¬ 
lute  urines,  one  takes  10  or  15  c.c.  and  reduces  the  amount  of 
water  taken. 

The  shaking  with  Lloyd’s  reagent  should  not  be  continued 
longer  than  two  minutes  because  the  reagent  is  gradually  dis¬ 
solved  by  the  acid  and  because  longer  shaking  does  not  take 
out  any  more.  The  dissolved  aluminate  from  the  reagent  does 
not  disturb  the  determination  at  any  stage. 

The  colorimetric  determination  of  the  sugar,  in  the  filtrate 
is  made  in  exactly  the  same  manner  as  in  the  case  of  blood 
filtrates. 

For  the  determination  of  the  total  sugar  hydrolyze  as 
follows:  To  10  c.c.  of  the  filtrate  obtained  after  shaking  with 
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Lloyd’s  reagent,  add  i  c.c.  of  lo  per  cent,  hydrochloric  acid 
and  heat  in  boiling  water  for  75  minutes.  This  heating  should 
be  done  in  test  tubes  graduated  at  20  c.c.  for  purposes  of  sub¬ 
sequent  dilution.  After  hydrolysis,  cool  thoroughly  and  neu¬ 
tralize  with  normal  sodium  hydroxid.  Phenolphthalein  may 
be  used  as  indicator,  if  desired,  but  it  is  not  necessary  as  the 
cloud  produced  from  the  material  dissolved  out  of  Lloyd’s 
reagent  furnishes  an  adequate  indicator  of  the  degree  of  neu¬ 
trality  required.  Add  the  alkali  until  the  cloud  so  formed 
does  not  disappear  on  shaking. 

Dilute  the  neutralized  hydrolysate  to  the  20  c.c.  mark. 
Then  add  a  small  pinch  of  Lloyd’s  reagent  and  invert  half 
a  dozen  times.  This  is  for  the  purpose  of  removing  most  of 
the  coloring  matter  formed  during  the  hydrolysis.  Two 
cubic  centimeters  of  this  more  dilute  filtrate  should  usually 
be  taken  for  this  determination  also. 

The  standard  sugar  solutions  to  be  used  are  the  same  as 
for  the  blood ;  namely,  such  as  contain  i  and  2  mg.  of  glucose 
per  10  c.c. 

Calculation. — For  the  colorimetric  reading  the  standard  is 
usually  set  at  20  mm.  If  2  c.c.  of  (unhydrolyzed)  filtrate  is 
used  and  the  i  mg.  standard  is  employed,  20,  divided  by  the 
reading  gives  the  sugar,  in  milligrams,  present  in  Vs  of  ^ 
cubic  centimeter  of  urine. 

Colorimetric  Method  for  the  Determination  of  the  Amino- 
Acid  Nitrogen  in  Urine. — For  a  description  of  the  various  rea¬ 
gents  involved  in  this  determination  see  the  description  of  the 
method  as  given  for  the  determination  of  the  amino-acids  in 
blood. 

For  the  colorimetric  determination  of  the  amino-acid  ni¬ 
trogen  in  urine  it  is  necessary  first  to  remove  the  ammonia. 

The  removal  of  the  ammonia  is  easily  accomplished  by 
means  of  permutit.  Urine  differs  from  blood  filtrates  in  that 
the  concentration  of  the  ammonia  to  be  removed  varies  within 
very  wide  limits,  and  the  amino-acid  concentration  is  also 
subject  to  very  large  variations.  It  is,  therefore,  not  always 
easy  to  tell  just  how  much  urine  should  be  taken.  The  amino- 
acid  excretion  is  substantially  independent  of  the  volume  of 
the  urine,  and  since  the  normal  excretion  is  usually  between 
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4  and  12  mg.  per  hour,  one  can  practically  always  get  suitable 
amounts  for  the  color  reaction. 

The  process  is  as  follows; 

Dilute  from  5  to  25  c.c.  of  urine  to  a  volume  of  25  c.c.  in 
a  50  c.c.  Erlenmeyer  flask.  Add  2  to  3  g.  of  permutit  and 
agitate  very  gently,  but  continuously  for  5  minutes.  Decant 
the  supernatant  urine  into  another  50  c.c.  flask.  Again  add 
2  to  3  g.  of  permutit,  and  shake  as  before  for  5  minutes.  By 
this  double  extraction  with  permutit  every  trace  of  ammonia 
is  removed.  Decant  the  supernatant  urine  into  a  flask  or 
test  tube.  It  may  be  a  little  turbid,  but  this  fact  does  not 
interfere  with  the  determination. 

To  test  tubes  graduated  at  25  c.c.  add  i,  2,  and  3  c.c.,  re¬ 
spectively,  of  a  standard  glycocol  solution  in  tenth  normal 
hydrochloric  acid.  This  standard  solution  should  contain 
o.i  mg.  of  glycocol  nitrogen  per  c.c.  To  these  tubes  add  i, 
2,  and  3  C.C.,  respectively,  of  the  special  i  per  cent,  sodium 
carbonate  solution.  (One  cubic  centimeter  of  sodium  carbon¬ 
ate  for  each  cubic  centimeter  of  tenth  normal  hydrochloric 
acid  present.)  Dilute  the  contents  of  each  test  tube  to  a 
volume  of  10  c.c. 

Transfer  5  c.c.  of  the  ammonia  free  (usually  diluted)  urine 
to  another  test  tube  graduated  at  25  c.c.  Add  i  c.c.  of  tenth 
normal  hydrochloric  acid  and  i  c.c.  of  the  i  per  cent,  sodium 
carbonate  solution.  Dilute  to  10  c.c.  Dissolve  250  mg.  of  the 
amino-acid  reagent  in  50  c.c.  of  water,  and  add  5  c.c.  of  this 
solution  to  each  standard  and  to  the  unknown  urine. 

Mix  and  set  in  a  dark  place  over  night.  It  is  often  ad¬ 
visable  to  take  out  the  test  tubes  and  inspect  them  after 
they  have  stood  10  to  15  minutes.  If  the  test  tube  contain¬ 
ing  the  urine  appears  much  darker  than  the  darkest  standard, 
as  may  happen,  especially  in  connection  with  experiments 
planned  to  produce  excessive  amino-acid  excretion,  then  it  is, 
of  course,  necessary  to  start  another  sample  of  the  urine,  tak¬ 
ing  only  I,  2,  or  3  c.c.  and  treat  it  in  the  same  way  as  the 
first  sample,  not  omitting  to  provide  for  a  final  volume  of 
15  c.c. 

The  following  day  the  standard  and  the  unknown,  or  un¬ 
knowns,  are  first  acidified  by  the  addition  of  i  c.c.  of  the 
special  50  per  cent,  acetic  acid-acetate  solution.  To  each  are 
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then  added  5  c.c.  of  the  4  per  cent,  sodium  thiosulphate  solu¬ 
tion.  The  contents  of  all  the  tubes  are  diluted  to  a  volume 
of  25  C.C.,  and,  after  mixing,  the  color  of  the  unknown  is  read 
against  that  of  the  standard  having  most  nearly  the  same  in¬ 
tensity  of  color. 

For  the  calculation  it  is,  of  course,  essential  to  know  which 
standard  is  used  and  the  actual  volume  of  undiluted  urine 
taken  for  the  determination. 


BLOOD 


Preparation  of  Protein-free  Blood  Filtrates. — (/.  Biol. 
Chem.,  38,  81,  1919.) — The  blood  filtrate,  the  preparation  of 
which  is  described  below,  is  suitable  for  the  determination  of 
non-protein  nitrogen,  urea,  uric  acid,  creatinin,  creatin,  amino- 
acids,  chlorids,  and  sugar. 

The  blood  should  be  collected  over  finely  powdered  potas¬ 
sium  oxalate,  about  20  mg.  for  10  c.c.  of  blood.  It  is  important 
not  to  use  unnecessarily  large  amounts  of  oxalate  because  the 
excess  makes  the  complete  coagulation  of  the  proteins  more 
difficult  and  also  interferes  more  or  less  with  the  uric  acid 
precipitation. 

Potassium  oxalate  has  always  been  used  to  prevent  clot¬ 
ting  of  blood.  It  is  the  most  effective  oxalate  because  of  its 
very  great  solubility.  But  the  presence  of  potassium  in  blood 
filtrates  is  undesirable  because  of  its  great  tendency  to  give 
insoluble  precipitates  with  the  uric  acid  reagent.  Lithium 
oxalate  is  sufficiently  soluble  (6  per  cent.)  to  be  quite  effective, 
and  has  certain  specific  merits  which  make  it  the  most  suit¬ 
able.  It  tends  to  prevent  the  formation  of  precipitates  in  the 
making  of  the  uric  acid  determination. 

Lithium  oxalate  seems  not  to  be  available  in  the  market. 
It  is  easily  prepared  as  follows: 

To  50  g.  of  lithium  carbonate  in  a  3  liter  beaker  add  85  g. 
of  crystallized  oxalic  acid.  Pour  on  the  mixture  about  i  liter 
of  hot  water  (70°  C.).  Stir  cautiously,  to  avoid  loss  of  liquid 
by  foaming.  Evaporate  the  resulting  solution  to  dryness, 
and  powder.  One  mg.  per  cubic  c.c.  of  blood  is  abundant  for 
the  prevention  of  coagulation. 

Lithium  oxalate  is  most  conveniently  used  in  the  form  of 
oxalate  cloth. 

Cut  80  g.  bird’s-eye  cotton  cloth,  free  from  starch,  into 
strips  10  cm.  by  40  to  50  cm. 
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Transfer  lO  g.  of  lithium  carbonate  and  17  g-  of  oxalic  acid 
to  a  liter  beaker.  Add  240  c.c.  of  water  (70°  C.)  and  shake. 
Transfer  the  solution  to  a  plate.  Draw  the  cotton  strips 
through  it,  and  hang  up  to  dry,  as  in  the  making  of  litmus 
paper.  The  cloth  when  dry  will  contain  about  20  per  cent,  of 
lithium  oxalate,  and  a  very  small  piece  (50  mg.)  is  adequate 
for  15  or  even  20  c.c.  of  blood. 

Since  the  lithium  oxalate  solution  is  substantially  satu¬ 
rated,  the  cloth  can  be  given  an  additional  charge  of  oxalate 
by  repeating  the  process  described  above,  if  desired. 

Reagents  required  for  the  precipitation  of  the  proteins: 

1.  A  10  per  cent,  solution  of  sodium  tungstate.  Not  all 
brands  of  sodium  tungstate  are  suitable.  The  sodium  tungstate 
must  be  very  easily  soluble  in  cold  water.  If  it  is  not  easily 
soluble,  its  solutions  are  not  alkaline  to  phenolphthalein,  and 
this  shows  that  the  product  consists  of  complex  tungstates 
(paratungstates).  Such  tungstates  can  be  rendered  service¬ 
able  as  follows : 

Prepare  a  hot  10  per  cent,  solution.  Cool.  Titrate  25  c.c. 
of  the  solution  with  10  per  cent,  sodic  hydroxid,  using  phenol¬ 
phthalein  as  indicator.  The  right  end  point  is  obtained  only 
when  the  pink  color  produced  by  the  alkali  remains  for  at 
least  3  minutes.  The  titration  figure  so  obtained  will  serve 
as  a  basis  for  calculating  how  much  sodic  hydroxid  is  to  be 
added  to  100  g.  of  sodium  tungstate  in  order  to  convert  the 
paratungstate  into  the  true  simple  tungstate.  Add  the  calcu¬ 
lated  amount,  and  heat  until  solution  is  obtained. 

For  large  scale  work  it  is  advantageous  to  prepare  two 
liters  or  more  of  20  per  cent,  sodium  tungstate  solution  which 
is  weakly  alkaline  to  phenolphthalein.  From  this  stock  solu¬ 
tion  the  calcium  wdll  gradually  settle  out,  and  the  clear  super¬ 
natant  solution  can  then  be  used  as  desired  for  the  preparation 
of  the  uric  acid  reagent  or  (after  diluting  with  an  equal  volume 
of  water)  as  a  blood  protein  precipitant. 

2.  A  two-thirds  normal  sulphuric  acid  solution.  35  g.  of 
concentrated  c.p.  sulphric  acid  diluted  to  a  volume  of  i  liter, 
will  usually  be  found  to  be  correct;  but  it  is  advisable,  indeed 
necessary,  to  check  it  up  by  titration.  The  two-thirds  normal 
acid  is  intended  to  be  equivalent  to  the  sodium  content  of  the 
tungstate,  so  that  W'hen  equal  volumes  are  mixed,  substantially 
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the  whole  of  the  tungstic  acid  is  set  free  without  the  presence 
of  an  excess  of  sulphuric  acid.  The  tungstic  acid  set  free  is 
nearly  quantitatively  taken  up  by  the  proteins,  and  the  blood 
filtrates  obtained  are  therefore  only  slightly  acid  to  congo  red 
paper. 

Transfer  a  measured  quantity  (5  to  15  c.c.)  of  oxalated 
blood  to  a  flask  having  a  capacity  of  fifteen  to  twenty  times 
that  of  the  volume  taken.  Lake  the  blood  with  seven  volumes 
of  water.  Add  one  volume  of  10  per  cent,  solution  of  sodium 
tungstate  (Na2W04,2H20)  and  mix.  Add  from  a  graduated 
pipet  or  buret,  slowly  and  with  shaking,  one  volume  of  two- 
thirds  normal  sulphuric  acid.  Close  the  mouth  of  the  flask 
with  a  rubber  stopper  and  shake.  If  the  conditions  are  right, 
hardly  a  single  air  bubble  will  form  as  a  result  of  the  shaking. 
Let  stand  for  5  minutes;  the  color  of  the  coagulum  gradually 
changes  from  bright  red  to  dark  brown.  If  this  change  in 
color  does  not  occur,  the  coagulation  is  incomplete,  usually 
because  too  much  oxalate  is  present.  In  such  an  emergency 
the  sample  may  be  saved  by  adding  10  per  cent,  sulphuric  acid, 
one  drop  at  a  time,  shaking  vigorously  after  each  drop,  and 
continuing  until  there  is  practically  no  foaming  and  until  the 
dark  brown  color  has  set  in. 

Pour  the  mixture  on  a  filter  large  enough  to  hold  it  all. 
This  filtration  should  be  begun  by  adding  only  a  few  c.c.  of 
the  mixture  down  the  double  portion  of  the  filter  paper  and 
withholding  the  remainder  until  the  whole  filter  has  been  wet. 
Then  the  whole  of, the  mixture  is  poured  on  the  funnel  and 
covered  with  a  watch  glass.  If  the  filtration  is  made  as  de¬ 
scribed,  the  very  first  portion  of  the  filtrate  should  be  clear 
as  water  and  no  re-filtering  is  necessary. 

It  will  be  noted  that  the  precipitation  is  not  made  in  volu¬ 
metric  flasks.  By  the  process  described  6  or  7,  or  ii  or  12  c.c. 
of  blood  can  be  used,  w^hereas  with  volumetric  flasks  one  is 
compelled  to  use  5,  10,  or  20  c.c.,  because  flasks  suitable  for 
other  volumes  are  not  available.  Special  graduated  “blood 
pipets,”  are  very  useful  for  the  measurement  of  the  blood,  the 
tungstate,  and  the  acid. 

The  protein  blood  filtrates  are  not  acid  enough  to  prevent 
bacterial  decomposition.  If  the  filtrates  are  to  be  kept  for 
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any  length  of  time,  more  than  two  days,  some  preservative, 
a  few  drops  of  toluene  or  xylene,  should  be  added. 

For  some  purposes  blood  plasma  or  blood  serum  gives 
more  instructive  analytical  data  than  are  obtained  from  whole 
blood.  The  practical  drawback  is  the  small  volume  of  plasma 
(or  serum)  obtained  from  a  given  quantity  of  blood. 

Plasma  or  serum  can  be  precipitated  in  the  same  way  as 
whole  blood,  except  that  only  one-half  volume  of  lo  per  cent, 
sodium  tungstate  and  of  two-thirds  normal  sulphuric  acid 
should  be  used,  instead  of  the  full  volume  required  for  whole 
blood.  The  preliminary  dilution  may  also  be  reduced.  Ex¬ 
ample  :  5  c.c.  of  plasma  plus  25  c.c.  of  water,  plus  2.5  c.c.  of 
tungstate,  plus  2.5  c.c.  of  acid,  giving  a  final  dilution  of  i  in  7. 

Determination  of  Non-protein  Nitrogen. — For  the  digestion 
of  5  c.c.  of  blood  filtrate  it  is  not  necessary  to  use  more  than 
one-half  cubic  centimeter  of  the  phosphoric-sulphuric  acid 
mixture  described  on  p.  61.  Dilute  50  c.c.  of  the  acid  mixture 
with  50  c.c.  of  water,  and  keep  well  protected  to  prevent  the 
absorption  of  ammonia.  Use  i  c.c.  for  each  digestion. 

The  digestion  is  most  conveniently  made  in  ignition  test 
tubes  (Pyrex,  200  mm.  X  25  mm.)  which  have  been  graduated 
at  35  c.c.  and  at  50  c.c. 

Transfer  5  c.c.  of  the  blood  filtrate  to  such  a  test  tube. 
The  test  tube  should  either  be  dry  or  rinsed  with  alcohol  to 
reduce  the  danger  of  bumping.'^  Add  i  c.c.  of  the  diluted  acid 
mixture  and  a  quartz  pebble.  Boil  vigorously  over  a  micro 
burner  until  the  characteristic  dense  fumes  begin  to  fill  the 
tube.  This  will  happen  in  from  3  to  7  minutes,  depending 
on  the  size  of  the  flame.  When  the  test  tube  is  nearly  full 
of  fumes,  reduce  the  flame  sharply  so  that  the  speed  of  the 
boiling  is  reduced  almost  to  the  vanishing  point.  Cover  the 
mouth  of  the  test  tube  with  a  watch  glass.  Continue  the 
gentle  heating  for  2  minutes,  counting  from  the  time  the  test 
tube  became  filled  with  fumes.  If  the  oxidations  are  not 
visibly  finished  at  the  end  of  two  minutes,  the  heating  must 
be  continued  until  the  solution  is  nearly  colorless.  Usually 
the  solution  becomes  colorless  at  the  end  of  20  to  40  seconds. 
At  the  end  of  2  minutes  remove  the  flame  and  allow  the  di¬ 
gestion  mixture  to  cool  for  70  to  90  seconds.  Then  add  15 

235 


-  ♦J 


[  . 


*  r .  i 

>  •  *cil 


iFv-* ' 


“  f  •  . 

I 


'  r  •*  ,-.  V) 


•  4* 


'  >( 


’  •  k  • 

V  / 

'  0  ■ 

l^  ■ 


>c 


1  :  > 


(.O 


■i-  ■ 


K  . 


iri*'  • 


ri  -  -j. 


A'^  ‘ 

t  w.  . 


: 1  ,  ■ . 


^  \.  A  0?'^  •  '  '  ■ 

»'*h  ‘  ' 


■r 


J 


to  25  c.c.  of  water.  Cool  further,  approximately  to  room  tem¬ 
perature,  and  then  fill  to  the  35  c.c.  mark  with  water.  Add 
15  c.c.  of  Nessler’s  solution  (p.  283).  Insert  a  clean  rubber 
stopper  and  mix.  If  the  solution  is  turbid,  centrifuge  a  por¬ 
tion  before  making  the  color  comparison  with  the  standard. 

The  standard  most  commonly  required  is  0.3  mg.  of  N. 
Add  3  c.c.  of  the  standard  ammonium  sulphate  solution  (con¬ 
taining  I  mg.  of  N  per  10  c.c.)  to  a  100  c.c.  volumetric  flask. 
Add  to  it  2  c.c.  of  the  phosphoric-sulphuric  acid  mixture,  to 
balance  the  acid  in  the  test  tube ;  dilute  to  about  60  c.c.  and 
add  30  c.c.  of  Nessler’s  solution.  The  unknown  and  the  stand¬ 
ard  should  be  Nesslerized  simultaneously. 

Calculation. — If  the  standard  is  set  at  20  mm.  for  the  color 
comparison,  20  divided  by  the  reading  and  multiplied  by  0.3 
gives  the  non-protein  nitrogen  in  i  c.c.  of  blood,  because  0.5 
c.c.  (the  amount  of  blood  represented  in  5  c.c.  of  the  blood 
filtrate)  Nesslerized  at  a  volume  of  50  c.c.  is  equivalent  to 
I  c.c.  Nesslerized  at  a  volume  of  100  c.c. 

The  non-protein  nitrogen  per  100  c.c.  of  blood  is,  therefore, 
20  divided  by  the  reading  and  multiplied  by  30  (0.3X100). 

If  the  standard  containing  0.5  mg.  N  is  used,  the  calculation 
becomes  20  divided  by  R,  times  50. 

Many  seem  to  have  trouble  in  obtaining  perfectly  clear 
solutions  when  Nesslerizing  the  digestion  mixtures  obtained 
with  blood  filtrates.  The  cause  is  lack  of  suitable  alkalinity 
in  the  Nessler  solution.  The  following  data  will  help  to  over¬ 
come  the  difficulty : 

Twenty  cubic  centimeters  of  normal  hydrochloric  acid  may 
be  titrated  with  the  Nessler  solution,  and  if  the  solution  is 
substantially  correct,  a  good  end  point  will  be  obtained  at  ii 
to  1 1.5  C.C.,  with  phenolphthalein  as  indicator.  If  an  end  point 
is  obtained  much  below  ii  c.c.,  as  at  9.5  c.c.,  the  Nessler  so¬ 
lution  is  too  alkaline  and  turbidity  is  likely  to  occur. 

Turbidity  due  to  excess  of  alkalinity  may  likewise  be  pro¬ 
duced  because  the  sulphuric-phosphoric  acid  mixture  is  too 
weak.  If  5  c.c.  of  the  dilute  acid  (1:1)  are  further  diluted  10 
times  (to  50  c.c.),  10  c.c.  of  the  solution  so  obtained,  when 
titrated  with  the  Nessler  solution  and  phenolphthalein  as  indi¬ 
cator,  should  give^a  fairly  good  end  point  at  9  c.c.  to  9.3  c.c. 
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Determination  of  Urea. — Transfer  5  c.c.  of  the  tungstic 
acid  blood  filtrate  to  a  Pyrex  ignition  tube  (200  X  25  mm.). 
This  test  tube  must  be  rinsed  with  nitric  acid  and  then  with 
water  if  it  has  contained  Nessler’s  solution.  Add  2  drops  of 
buffer  mixture  (p.  135)  and  then  introduce  i  c.c.  of  urease 
solution  (p.  135).  Immerse  the  test  tube  in  warm  water,  40 
to  55°  C.,  and  leave  it  there  for  5  minutes,  or  let  stand  at 
room  temperature  for  15  minutes. 

Instead  of  using  a  5  per  cent,  jack-bean  extract  in  35  per 
cent,  alcohol,  we  employ  a  permanent  and  very  convenient 
urease  preparation  in  the  form  of  filter  paper  impregnated 
with  a  strong  urease  solution.  This  urease  paper  is  made  as 
follows : 

Shake  30  g.  of  jack-bean  powder  with  10  g.  of  permutit 
and  20  c.c.  of  16  per  cent,  alcohol  for  10  to  15  minutes.  Pour 
on  one  or  two  filters,  and  as  soon  as  the  filtration  is  substan¬ 
tially  finished  pour  the  filtrates  into  a  clean  flat-bottomed  dish. 
Draw  strips  of  filter  paper  through  the  solution  and  hang 
them  up  to  dry,  just  as  is  done  in  the  preparation  of  litmus 
paper.  They  dry  very  quickly,  and,  once  dry,  the  urease  seems 
to  keep  just  as  well  as  it  does  in  the  original  jack-bean  powder. 
Half  a  square  inch  of  such  paper  is  enough  for  each  blood  urea 
determination. 

'  The  ammonia  formed  from  the  urea  is  most  conveniently 
obtained  by  distillation,  without  a  condenser,  and  using  a  test 
tube  graduated  at  25  c.c.  and  containing  2  c.c.  of  0.05  N 
hydrochloric  acid  as  the  receiver.  The  illustration  shows  a 
compact  and  convenient  arrangement  for  this  distillation. 

Add  to  the  urease  blood  filtrate  a  dry  pebble,  a  drop  or  two 
of  paraffin  oil,  and  2  c.c.  of  saturated  borax  solution.  Insert 
firmly  the  rubber  stopper  carrying  the  delivery  tube  and  re¬ 
ceiver  and  then  boil  at  a  moderately  fast,  uniform  rate  for 
4  minutes.  The  size  of  the  flame  should  never  be  cut  down 
during  the  distillation,  nor  should  the  boiling  be  so  brisk  that 
the  emission  of  steam  from  the  receiver  begins  before  the  end 
of  3  minutes.  At  the  end  of  4  minutes,  slip  off  the  receiver 
from  the  rubber  stopper  and  let  it  rest  in  a  slanting  position 
while  the  distillation  is  continued  for  i  more  minute.  Rinse 
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Fig.  6. — A,  at  beginning;  B,  toward  end  of  distillation. 
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the  lower  end  of  the  delivery  tube  with  a  little  water  and 
cool  the  distillate  with  running  water  and  dilute  to  about 
20  c.c.  Transfer  0.3  mg.  N  (3  c.c.  of  the  standard  ammonium 
sulphate  solution)  to  a  100  c.c.  volumetric  flask  and  dilute  to 
about  75  c.c.  Nesslerize,  using  10  c.c.  of  Ncssler’s  solution 
for  the  standard,  and  2.5  c.c.  for  the  unknown  in  the  test  tube. 
Dilute  both  to  volume  and  make  the  color  comparison. 

Calculation. — Divide  20  (the  height  of  the  standard  in  mm.) 
by  the  colorimetric  reading  and  multiply  by  15.  This  gives 
the  urea  nitrogen  in  mgs.  per  100  c.c.  of  blood.  In  explanation 
of  this  calculation  it  is  to  be  noted  that  the  unknown  repre¬ 
senting  0.5  c.c.  of  blood  is  Nesslerized  at  25  c.c.  whereas  the 
non-protein  nitrogen  is  Nesslerized  at  a  volume  of  50  c.c. 
The  same  colorimetric  reading,  therefore,  represents  only 
one-half  as  much  nitrogen  in  the  urea  determination  as  in  the 
non-protein  nitrogen  determination. 

Urea  Determination  by  Means  of  the  Autoclave. — When  a 
large  number  of  urea  determinations  are  to  be  made  or  when 
creatin  determinations  are  also  made,  it  is  sometimes  conve¬ 
nient  to  decompose  the  urea  of  the  blood  filtrate  by  heating 
under  pressure.  To  5  c.c.  of  the  blood  filtrate  in  a  large  test 
tube  add  l  c.c.  of  normal  hydrochloric  acid,  cover  with  tin  foil, 
and  heat  to  150°  for  10  minutes.  Distill  off  the  ammonia  ex¬ 
actly  as  in  the  preceding  process,  except  that  2  c.c.  of  10  per 
cent,  sodium  carbonate  must  be  substituted  for  the  borax, 
because  of  the  added  hydrochloric  acid. 

Aeration  Process  in  Urea  Determination. — The  removal  of 
the  ammonia  formed  from  the  blood  urea  by  urease,  or  by 
heating  under  pressure,  can,  of  course,  be  driven  into  the  re¬ 
ceiver  by  an  air  current  plus  an  alkali,  instead  of  by  the  distil¬ 
lation  process  described  above.  The  aeration  process  gives 
perfectly  reliable  results,  if  a  good  air  current  is  available. 

To  the  decomposed  blood  filtrate  in  a  large  test  tube  add 
a  little  paraffin  oil  and  1  or  2  c.c.  of  10  per  cent,  sodium  hy- 
droxid.  Connect  with  a  smaller  test  tube,  marked  at  25  c.c., 
and  containing  2  c.c.  of  o.i  N  hydrochloric  acid.  The  connec¬ 
tion  is  made  as  in  the  macro  aeration  process  (see  p.  119).  Pass 
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SCHERING-KAHLBAUM  A.  G.  BERLIN 


Physiologisches: 


Die  Folgen  des  Verlustes  der  mannlichen  Keimdriise  und 
besonders  auch  die  verschiedenartigen  Wirkungen  der  Friih- 
und  Spatkastration  sind  schon  seit  langem  bekannt.  Da6  hier- 
bei  die  innere  Sekretion  des  Hodens  mafigebend  ist,  hat  zuerst 
der  Gottinger  Physiologe  Berthold  im  Jahre  1849  er- 
kannt.  Berthold  hat  bereits  gezeigt,  dafi  der  atrophisch 
gewordene  Kamm  der  Kapaunen  durch  Hoden-Implantation 
regeneriert  werden  kann  und  hat  den  richtigen  Schlufi  daraus 
gezogen,  dalJ  von  der  mannlichen  Keimdriise  aus  Stoffe  ins 
Blut  gelangen,  die  einen  solchen  Einflufi  haben. 

Diese  grundlegenden  Forschungen  fanden  aber  nicht  die 
gebiihrende  Beachtung.  40  Jahre  spater  hat  Brown- 
S  e  q  u  a  r  d  in  Selbstversuchen  gezeigt,  dafi  durch  Zufuhr 
von  Testisextrakten  die  darniederliegende  Funktion  der 
Keimdriisen  wieder  hergestellt  werden  kann. 


Provi.  1  (6.  34.  R  3)  1. 


Auch  diese  Versuchc  sind  zunachst  nicht  wciter  beachtet 
worden.  Unter  den  spateren  zahlreichen  tierexpcrimentellen 
Versuchcn  uber  die  Bedeutung  der  m^nlichen  Keimdrusc 
sind  die  Versuchc  Steinachs  (1910 — 1920)  besonders  zu 
nennen.  S  t  e  i  n  a  c  h  vcrfolgte  die  Wirkung  der  Hoden- 
Implantation  bcim  kastrierten  Tier  und  konnte  die  inner- 
sekretoriscben  Wirkungen  dieses  Organs  hinsichtlich  der 
mannlichen  Geschlechtscharaktere  so  weitgehcnd  festlegen, 
da£  obne  weiteres  aucb  Schlusse  fiir  die  Physiologic  und 
Pathologic  der  inneren  Sekretion  des  menschlichen  Hodens 
daraus  gezogen  werden  konnten.  S  t  e  i  n  a  c  h  regte  auf 
Grund  diescr  Erkenntnisse  an,  das  innere  Sekret  des  Hodens 
zu  isolieren,  und  zwar  unter  Zuhilfenahme  der  Vasoligatur, 
die  nach  seinen  Versuchcn  die  innere  Sekretion  des  Hodens 
steigert.  Es  wurden  auch  damals  Versuchc  in  dieser  Richtung 
vorgenommen  und  es  gelang,  Extrakte  zu  gewinnen,  die  in 
ihrer  Wirkung  denen  der  Transplantate  entsprachen. 


c 


Das  Ergebnis  aller  dieser  Forschungen  kann  dahin  zu- 
sammengefafit  werden,  daB  die  Aufgabe  der  inneren  Sekretion 
der  mannlichen  Keimdriise  darin  besteht,  die  sekundaren 
mannlichen  Geschlechtsorgane  zur  Entwicklung  zu  bringen 
und  funktionsfahig  zu  erhalten. 

Allc  diese  Versuchc  aber  konnten  nicht  zu  einer 

•  f 

chemischen  Ausarbeitung  dcs  Problems  fuhren,  well  es  an  ''t  j 
eincm  zuverlassigen  Test  fehlte,  um  bei  der  chemischen  Be- 
arbeitung  in  einfacher  Weisc  die  Wirksamkeit  der  ver- 
schiedenen  Fraktionen  festzustellen.  Erst  die  Ausarbeitung 
eines  solchen  Tests  hat  die  Mdglichkeit  ergeben,  das  mann- 
liche  Hormon  zu  isolieren.  Es  liegen  also  bier  die  gleichen 
Verhaltnissc  vor  wie  beim  weiblichcn  Sexualhormon 
Progynon,  bei  dessen  Isolierung  sich  der  Test  nach  Allen- 
D  o  i  s  y  so  auBerordcntlich  fruchtbar  erwiesen  hat. 
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Wir  verdanken  es  den  Chikapoer  Forschern  Koch, 
Moore  und  Gallagher,  dafi  sie  nehen  anderen  Testen 
auf  die  alte  Methode  von  B  e  r  t  h  o  1  d  zuriickgegriffen  haben 
und  den  Hahnenkammtest  zu  einer  praktisch  brauchbaren 
Methode  ausarbeiteten,  nachdem  dessen  Brauchbarkeit  von 
P6zard  emeut  bestatigt  worden  war.  Diese  Methode  ist  von 
Fremerv,  Freud  und  L  a  q  u  e  u  r  noch  welter  da- 
durch  verfeinert  worden,  dafi  sie  eine  planimetrische  Mefi- 
methode  fur  den  photographierten  Hahnenkammschatten  an- 
gaben. 

Aufier  diesem  Test  ist  noch  die  Einstellungsmethode 
nach  L  o  e  w  e  und  V  o  6  hervorzuheben,  welche  die  Messung 
des  Wachstums  atrophischer  Samenblasen  von  Kastraten  zur 
Grundlage  haben,  wobei  dieses  Wachstum  histologisch  ver- 
folgt  wird.  Peniswachstum,  Vergrofierung  der  Prostata,  des 
Vas  deferens  und  der  Cowperschen  Drusen  werden  ebenfalls 
durch  das  Keimdrusenhormon  ausgelost.  Die  Schwierigkeit 
exakter  Messungen  macht  diese  Testmethoden  aber  weniger 
brauchbar.  Zu  erwahnen  ist  noch  die  Beobachtung  von 
Glaser  und  H  a  e  m  p  e  1 ,  dafi  das  wahrend  der  Laichzeit 
beim  Bitterling  auftretende  sogenannte  „Hochzeitskleid“  auch 
beim  kastrierten  Fisch  unabhangig  von  der  Jahreszeit  durch 
Hormonzufuhr  hervorgerufen  werden  kann. 

Gegenuber  alien  diesen  genannten  auf  der  Physiologie 
des  mannlichen  Keimdruseninkrets  beruhenden  Methoden 
hat  sich  der  Hahnenkammtest  als  der  bei  weitem  zweck- 
mafiigste  fur  die  Laboratoriumspraxis  herausgestellt. 

Einen  weiteren  grofien  Fortschritt  fur  die  Herstellung 
des  mannlichen  Sexualhormons  brachte  ferner  die  Ent- 
deckung  von  Casimir  Funk,  dafi  das  mannliche  Hormon 
I  im  Harn  geschlechtsreifer  Manner  ausgeschieden  wird. 
I  Freilich  ist  die  Ausbeute  vergleichsmafiig  hier  viel  geringer 
als  die  des  Progynon  im  Gravidenharn. 
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linter  diesen  Voraussetzungen  ist  cs  uns  in  gcmcinsamcr 
Arbeit  unseres  Hauptlaboratoriums  mit  Butenandt- 
Danzig  gelungen,  das  mannliche  Sexualhormon  in  weit- 
gehend  gereinigter  Form  herzustellen  und  es  nunmehr  untcr 
dem  Nariier^Ji>^trv't^oj»<'dir'deij,Jl#^flceh_[,jwf^ringcn. 

Wir  bringen  das  Proviron  in  Ampullen  zu  I  ccm  in 
Oellosung  heraus;  jede  Ampulle  enthalt  25  Hahnenkamm- 
einheiten.  Untcr  Hahncnkammeinhcit  vcrstehcn  wir 
dasjcnige  Quantum  des  mannlichen  Keimdrusenhormons, 
das  in  der  Lage  ist,  bei  mindestens  zwci  von  drei  auf 
konstante  KammgroBe  gepriiften  Kapaunen,  an  zwci  Tagcn 
injiziert,  am  dritten  oder  vierten  Tagc  eine  Zunahmc  dcr 
Kammflache  um  20  v.  H.  zu  gewahrleistcn  (S  c  h  o  e  1  1  c  r 
und  Gehrke,  Butenandt). 

Chemisches: 

Butenandt  ist  cs,  ahniich  wie  beim  Progynon,  als 
Erstem  gegliickt,  das  mannliche  Sexualhormon  in  reinem  Zu- 
stand  zu  isolieren  und  seine  Konstitution  aufzuklaren. 
Proviron  hat  die  Formel  C,p  H3,,  Oj.  Es  hat  die  Struktur 
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Es  schmilzt  bei  178  Grad.  Proviron  steht  demnach  dem 
Progynon  chemisch  auBerordcntlich  nahc  und  untcrscheidet 
sich  von  dicsem  nur  durch  den  hydroaromatischen  erstcn 
Ring  und  das  Vorhandenscin  ciner  zwcitcn  Methylgruppe. 
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In  seiner  Eigenschaft  als  Sterinderivat  ist  Proviron 
ebenso  wie  das  Progynon  gegen  chemische  und  fermentative 
Eingriffe  aufierordentlich  resistent. 


Klinisches: 

Die  Allgemeinwirkungen  des  Proviron  machen  sich  in 
erster  Linie  m  aner  ausgesprochenen  Auffrischung,  Hebung 
des  Allgemeinbefindens  und  unter  Umstanden  auch  einer 
Steigerung  von  Libido  und  Potenz  geltend.  Die  Feststellung 
dieser  Wirkungen  ist  natiirlich  nicht  frei  von  subjektiven 
Kennzeichen,  so  dafi  wir  vielfach  zunachst  auf  Angaben  der 
Patienten  angewiesen  sind.  Erst  eine  grofie  Statistik  aller 
Beobachtungen  kann  bier  Sicherheit  bringen.  Es  ist  deshalb 
ein  grofies  Verdienst  von  Schittenhelm  und  seinen 
Mitarbeitern,  auch  fur  klinische  Zwecke  einen  objektiven 
Test  zur  Anwendung  gebracht  zu  haben.  Dieser  Test  beruht 
auf  der  Tatsache,  „da6  alte  Manner  und  Frauen  mit  er- 
loschener  Geschlechtsfunktion  und  Personen  mit  innerse- 
kretorischen  Storungen  insbesondere  von  seiten  des  Ge- 
schlechtsapparates  sich  in  ihrem  Kreatinstoffwechsel  (des 
Muskels)  wie  Kinder  vor  der  Pubertat  verhalten"  (B  ii  h  1  e  r). 
Der  normale  Erwachsene  scheidet  parenteral  zugefuhrtes 
Kreatin  nicht  aus.  Im  Harn  finden  wir  einen  gewissen  An- 
teil  in  Kreatinin  verwandelt;  ein  anderer  Teil  verschwindet. 
Kinder  dagegen  scheiden  zugefuhrtes  Kreatin  als  Kreatin  im 
Harn  aus.  Behandelt  man  nun  mannliche  Patienten  mit  er- 
loschener  oder  verminderter  Sexualfunktion  mit  Proviron, 
so  wird  nach  den  genannten  Arbeiten  das  zugefiihrte  Kreatin 
in  wesentlich  geringerer  Menge  ausgeschieden  als  ohne  diese 
Behandlung.  Diese  Wirkung  des  Proviron  ist  geschlechts- 
spezifisch.  Dieser  Test  ist  sicher  fiir  die  klinische  Beurteilung 
von  grofier  Bedeutung  und  weitgehenden  Ausbaues  wert. 
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Im  einzelnen  lafit  sich  uber  die  klinischcn  Indikationen 
des  Proviron  folgendes  sagcn: 

Die  erfrischende  und  das  Allgemeinbefinden  hebende 
Wirkung  des  Proviron  macht  sich  besonders  bei  Mannem 
zwischen  45  bis  55  Jahren  geltend,  also  wahrend  einer 
Periode,  die  man  mit  dem  wejblich^ii  Klimakterium  in 
Parallele  setzen  konnte.  Bei  allgemeiner  geistiger  und 
korperlicher  Ermudung  mit  Schlafstdrungen  verschwinden 
nach  einigen  Injektionen  diese  Beschwerden  oft  in  uber- 
raschender  Weise  und  der  Schlaf  wird  ruhig  und  vertieft. 
Die  darniederliegende  Libido  tritt  oft  auch  in  Fallen  wieder 
auf,  in  denen  bei  der  Provironbehandlung  dieser  Zweck  nicht 
von  vornherein  beabsichtigt  war.  Gleichzeitig  ist  Wieder- 
herstellung  oder  Steigerung  der  Potenz  beobachtet  worden. 
Aber  auch  bei  alteren  Mannern  sind  diese  Beobachtungen 
gemacht  und  vorzuglichc  Erfolge  erzielt  worden,  wahrend  bei 
jungeren  Mannem  bei  der  bisherigen  Dosierung  ein  Erfolg 
noch  nicht  festgestellt  werden  konnte.  Bezuglich  der  Er- 
fahrungen  hinsichtlich  Potenz  und  Libido  muB  festgestellt 
werden,  dafi  bereits  S  t  e  i  n  a  c  h  bei  seinen  Tierversuchen 
ahnliche  Wirkungen  beobachten  konnte,  so  daB  der  SchluB 
gerechtfertigt  ist,  daB  es  sich  hier  um  eine  unmittclbare 
Wirkung  des  Proviron  handelt.  Schittenhelm  hat 

}  beobachtet,  daB  die  allgemeinen  StSrungen  und  Beschwerden 
der  Kastraten  und  Eunuchoiden  durch  Proviron  auBer- 
ordentlich  gunstig  beeinfluBt  werden. 

Eine  weitere  sehr  auffallende  Beobachtung  ist  bei  den 
Versuchen,  die  Prostatahypertrophie  altcrer  Leute  zu  beein- 
llussen,  gemacht  worden.  Nicht  selten  konnte  im  j\nfangs- 
stadium  dieser  Erkrankung  ein  gunstiger  EinfluB  des 
Proviron  festgestellt  werden.  Daneben  aber  und  unabhangig 
von  der  ortlichen  Beeinflussung  des  Organs  und  seiner 
mechanischen  Storung  der  Harnentleerung  wurde  eine  auBer- 
ordentlich  starke  Diurese  beobachtet.  Eine  Steigerung  der 
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Diurese  wurde  aber  auch  bei  Provironinjektion  aus  anderer 
Indikation  vielfach  beobachtet,  so  dafi  hier  unzweifelhaft  eine 
Beeinilussung  der  Harnmenge  vorliegt.  Die  Einzelheiten  und 
das  Wesen  dieses  Vorganges  bediirfen  noch  eingehenden 
Stadiums. 

Schliefilich  ist  noch  zu  erwahnen,  dafi  Schitten- 
h  e  1  m  auf  dem  Kongrefi  fiir  Innere  Medizin  1934  iiber  eine 
eindeutige  Wirkung  des  Proviron  bei  Dystrophia  musculorum 
j  berichtet  hat  und  diese  Wirkung  als  der  des  Glykokoll 
iiberlegen  ansieht. 

Alle  genannten  klinischen  Erfahrungen  sind  durch 
griindliche  Untersuchungen  fiihrender  Kliniker  sichergestellt 
worden  und  werden  durch  weitere  Arbeiten  noch  weiteren 
Ausbau  und  Erganzungen  erfahren. 

Anwendung  und  Dosierung: 

Proviron  wird  subkutan  oder  besser  noch  intramuskular 
an  den  hierfiir  iiblichen  Stellen  injiziert.  Die  Injektion  ist 
schmerz-  und  reizlos.  Zur  Erzielung  der  genannten  Wir- 
kungen  sind  je  nach  Lage  des  Falles  zwei  bis  drei  Injektionen 
wochentlich^vorzunehmen.  Meistens  bedarf  es  wenigstens 
sechs  Injektionen,  um  eine  voile  Wirkung  zu  erzielen.  Eine 
Wiederholung  der  Kur  wird  haufig  notwendig  sein;  An- 
passung  an  die  individuelle  Lage  des  Falles  ist  auch  hier 
^  erforderlich.  ' — 

Originalpackungen: 

Karton  mit  2  Ampullen  zu  je  1  ccm  mit  25  H.  E. 

Karton  mit  6  Ampullen  zu  je  1  ccm  mit  25  H.  E. 
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the  air  current  through,  rather  slowly  for  i  minute,  and  then 
nearly  as  fast  as  the  apparatus  can  stand  for  lo  to  15  minutes. 
Rinse  the  connecting  tube ;  dilute  the  contents  of  the  receiver 
lo  20  C.C.,  add  2.5  c.c.  of  Nessler  Solution,  dilute  to  the  25  c.c. 
mark,  and  make  the  color  comparison  in  the  usual  manner. 

Determination  of  Preformed  Creatinin. — Transfer  25  (or 
50)  c.c.  of  a  saturated  solution  of  purified  picric  acid  to  a 
small,  clean  flask,  add  5  (or  10)  c.c.  of  10  per  cent,  sodium 
hydroxid,  and  mix.  Transfer  10  c.c.  of  blood  filtrate  to  a  small 
flask,  or  to  a  test  tube,  transfer  5  c.c.  of  the  standard  creatinin 
solution  described  below  to  another  flask,  and  dilute  the  stand¬ 
ard  to  20  c.c.  Then  add  5  c.c.  of  the  freshly  prepared  alkaline 
picrate  solution  to  the  blood  filtrate,  and  10  c.c.  to  the  diluted 
creatinin  solution.  Let  stand  for  8  to  10  minutes  and  make 
the  color  comparison  in  the  usual  manner,  never  omitting  first 
to  ascertain  that  the  two  fields  of  the  colorimeter  are  equal 
when  both  cups  contain  the  standard  creatinin  picrate  solu¬ 
tion.  The  color  comparison  should  be  completed  within  15 
minutes  from  the  time  the  alkaline  picrate  was  added;  it  is 
therefore  never  advisable  to  work  with  more  than  three  to 
five  blood  filtrates  at  a  time. 

When  the  amount  of  blood  filtrate  available  for  the  crea¬ 
tinin  determination  is  too  small  to  permit  repetition,  it  is,  of 
course,  advantageous  or  necessary  to  start  with  more  than 
one  standard.  If  a  high  creatinin  should  be  encountered 
unexpectedly  without  several  standards  ready,  the  determi¬ 
nation  can  be  saved  by  diluting  the  unknown  with  an  appro¬ 
priate  amount  of  the  alkaline  picrate  solution — using  for  such 
dilution  a  picrate  solution  first  diluted  with  two  volumes  of 
water — so  as  to  preserve  equality  between  the  standard  and 
the  unknown  in  relation  to  the  concentration  of  picric  acid 
and  sodium  hydroxid. 

One  standard  creatinin  solution,  suitable  both  for  creatinin 
and  for  creatinin  determinations  in  blood,  can  be  made  as  fol¬ 
lows :  Transfer  to  a  liter  flask  6  c.c.  of  the  standard  creatinin 
solution  used  for  urine  analysis  (which  contains  6  mg.  of  crea¬ 
tinin)  ;  add  10  c.c.  of  normal  hydrochloric  acid,  dilute  to  the 
mark  with  water,  and  mix.  Transfer  to  a  bottle  and  add  four 
or  five  drops  of  toluene  or  xylene.  Five  cubic  centimeters  of 
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this  solution  contain  0.03  mg.  of  creatinin,  and  this  amount, 
plus  15  c.c.  of  water,  represents  the  standard  neede'd  for  the 
vast  majority  of  human  bloods,  for  it  covers  the  range  of  i 
to  2  mg.  per  100  c.c.  In  the  case  of  unusual  bloods  represent¬ 
ing  retention  of  creatinin,  take  10  c.c.  of  the  standard  plus 
10  c.c.  of  water,  which  covers  the  range  of  2  to  4  mg.  of  crea¬ 
tinin  per  too  c.c.  of  blood;  or  15  c.c.  of  the  standard  plus  5  c.c. 
of  water  by  which  4  to  6  mg.  can  be  estimated.  By  taking 
the  full  20  c.c.  volume  from  the  standard  solution  at  least 
8  mg.  can  be  estimated ;  but  when  working  with  such  blood 
it  is  well  to  consider  whether  it  may  not  be  more  advantageous 
to  substitute  5  c.c.  of  blood  filtrate  plus  5  c.c.  of  water  for  the 
usual  10  c.c.  of  blood  filtrate. 

Calculation. — The  reading  of  the  standard  in  millimeters 
(usually  20)  multiplied  by  1.5,  3,  4.5,  or  6  (according  to  how 
much  of  the  standard  solution  was  taken),  and  divided  by  the 
reading  of  the  unknown,  in  millimeters,  gives  the  amount  of 
creatinin,  in  milligrams  per  100  c.c.  of  blood.  In  connection 
with  this  calculation  it  is  to  be  noted  that  the  standard  is  made 
up  to  twice  the  volume  of  the  unknown,  so  that  each  5  c.c. 
of  the  standard  creatinin  solution,  while  containing  0.03  mg., 
corresponds  to  0.015  nig.  in  the  blood  filtrate. 

Determination  of  Creatin  Plus  Creatinin. — Transfer  5  c.c. 
of  blood  filtrate  to  a  test  tube  graduated  at  25  c.c.  These  test 
tubes  are  also  used  for  urea  determinations.  Add  i  c.c.  of 
normal  hydrochloric  acid.  Cover  the  mouth  of  the  test  tube 
with  tin-foil  and  heat  in  the  autoclave  to  130°  C.  for  20 
minutes  or,  as  for  the  urea  hydrolysis,  to  155°  C.  for  10 
minutes.  Cool.  Add  5  c.c.  of  the  alkaline  picrate  solution 
and  let  stand  for  8  to  10  minutes,  then  dilute  to  25  c.c.  The 
standard  solution  required  is  10  c.c.  of  creatinin  solution  in  a 
50  c.c.  volumetric  flask.  Add  2  c.c.  of  normal  acid  and  10  c.c. 
of  the  alkaline  picrate  solution  and,  after  10  minutes  standing, 
dilute  to  50  c.c.  The  preparation  of  the  standard  must,  of 
course,  have  been  made  first  so  that  it  is  ready  for  use  when 
the  unknown  is  ready  for  the  color  comparison.  The  height 
of  the  standard,  usually  20  mm.,  divided  by  the  reading  of 
the  unknown  and  multiplied  by  6,  gives  the  “total  creatinin” 
in  mg.  per  100  c.c.  blood. 
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In  the  case  of  uremic  bloods  containing  large  amounts  of 
creatinin  i,  2,  or  3  c.c.  of  blood  filtrate,  plus  water  enough 
to  make  approximately  5  c.c.,  are  substitutes  for  5  c.c.  of  the 
undiluted  filtrate. 

The  normal  value  for  “total  creatinin”  given  by  this  method 
is  about  6  mg.  per  100  c.c.  of  blood. 

Determination  of  Uric  Acid. — (Folin-Benedict  Method.) — 
In  the  method  here  described  are  incorporated  two  excellent 
points  recently  brought  out  by  S.  R.  Benedict,  namely,  the 
use  of  heat  for  developing  a  deeper  color  and  the  direct  appli¬ 
cation  of  the  reaction  to  the  blood  filtrate,  (/.  Biol.  Chem.,  51, 
187,  1922.) 

Solutions  required: 

1.  Fifteen  per  cent,  sodium  cyanide  solution  in  o.i  N  sodic 
hydroxid.  The  sodic  hydroxid  is  added  only  to  increase  the 
keeping  quality  of  the  cyanide. 

2.  Uric  acid  reagent  of  Folin  and  Denis. 

3.  Standard  stock  solution  of  uric  acid  in  formalin,  prepared 
as  described  under  the  method  for  determining  uric  acid  in 
urine.  Transfer  l  c.c.,  containing  i  mg.  of  uric  acid,  to  a 
250  c.c.  volumetric  flask.  Half  fill  the  flask  with  water;  then 
add  10  c.c.  of  two-thirds  normal  sulphuric  acid,  and  i  c.c.  (but 
no  ntorc)  of  formalin.  Dilute  to  the  mark  with  water  and  mix. 
This  solution  should  keep  for  at  least  a  month.  Use  5  c.c., 
containing  0.02  mg.  of  uric  acid,  for  each  determination. 

4.  Twenty  per  cent,  lithium  sulphate  solution. 

Determination. — Fill  a  500  c.c.  beaker,  or  better,  a  Pyrex  l 
liter  beaker,  two-thirds  full  with  water  and  heat  to  boiling. 

Transfer  the  15  per  cent,  sodium  cyanid  to  a  buret. 

Transfer  5  c.c.  of  blood  filtrate  to  a  test  tube  graduated 
at  the  25  c.c.  mark  and  transfer  5  c.c.  of  the  standard  (diluted) 
uric  acid  solution  to  another  similar  graduated  test  tube. 

Add  to  each  test  tube  exactly  i  c.c.  of  uric  acid  reagent, 
2  to  4  drops  of  lithium  sulphate  solution,  and  2  c.c.  of  water; 
then  add,  with  gentle  shaking,  exactly  2  c.c.  of  the  cyanid 
solution  (from  a  buret)  ;  let  stand  at  room  temperature  for 
two  minutes,  and  then  transfer  to  the  boiling  water.  Heat 
for  70  to  80  seconds,  cool  under  running  water  or  in  a  beaker 
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of  cold  water,  fill  up  to  the  mark,  mix,  and  make* the  color 
comparison,  setting  the  standard  at  20  mm. 

Twenty  times  four  divided  by  the  reading  of  the  unknown 
gives  the  uric  acid  in  milligrams  per  100  c.c.  of  blood. 

The  colorimetric  readings  must  be  between  10  mm.  and 
40  mm.  when  the  standard  is  set  at  20  mm.  If  the  blood  is 
too  strong  (reading  less  than  10  mm.)  repeat  the  determina¬ 
tion  with  3  c.c.  of  blood  filtrate  (-j-  2  c.c.  of  water).  If  the 
blood  filtrate  is  too  weak,  repeat  the  determination  with  10  c.c. 
of  filtrate  and  5  c.c.  of  the  standard  (-j-  5  c.c.  of  water). 

With  such  alterations  in  the  procedure  it  is,  of  course, 
necessary  to  make  corresponding  alterations  in  the  calculation. 

The  simple  process  described  above  gives  substantially 
correct  values  for  the  uric  acid  content  of  blood.  Theoret¬ 
ically  it  should  give  too  high  values  because  the  uric  acid  has 
not  been  separated  from  certain  other  (mostly  unknown) 
products  in  blood  which  give  the  same  color  reaction  as  uric 
acid.  Under  the  conditions  given  (heat,  weak  alkalinity,  and 
sodium  cyanid  as  the  only  alkali)  the  color  given  by  uric  acid 
is,  however,  increased  very  much  (10  to  12  times)  and  the 
color  formerly  obtained  from  other  products  in  the  blood  are 
practically  eliminated.  In  the  following  check  process  the 
uric  acid  is  first  separated  from  the  other  constituents. 

Additional  solutions  required; 

(1)  A  solution  containing  5  per  cent,  of  silver  lactate  and 
5  per  cent,  of  partially  neutralized  lactic  acid.  (See  p.  141). 
(2)  \  solution  containing  10  per  cent,  of  sodium  chlorid  and 
0.36  per  cent,  of  HCl. 

Transfer  5  c.c.  of  the  blood  filtrate  to  a  15  c.c.  centrifuge 
tube.  Add  7  c.c.  of  the  silver  lactate  solution  and  centrifuge. 
Remove  by  decantation  the  supernatant  solution.  Add  i  c.c. 
of  the  acid  sodium  chlorid  solution  and  stir  with  a  fine  glass 
rod.  Then  add  4  c.c.  of  water  and  stir  again.  Centrifuge  once 
more. 

The  uric  acid  is  precipitated  by  the  silver  lactate  (together 
with  the  chlorids)  and  is  again  set  free  by  the  addition  of 
an  excess  of  sodium  chlorid. 

Decant  the  last  supernatant  solution  as  completely  as  pos¬ 
sible,  but  without  rinsing,  into  a  graduated  test  tube. 

Transfer  5  c.c.  of  the  standard  uric  acid  solution  to  another 
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similar  graduated  test  tube  and  then  proceed  with  the  determi¬ 
nation  exactly  as  in  the  first  process  described,  not  forgetting 
to  have  the  boiling  water  ready  at  the  right  time. 

New  Colorimetric  Method  for  Determination  of  Sugar  in 
Blood.^ — Solutions  needed : 

1.  Standard  Sugar  Solution. — The  best  preservative  which 
we  have  found  for  a  number  of  different  substances  which  are 
liable  to  be  decomposed  by  moulds  is  a  nearly  saturated  ben¬ 
zoic  acid  solution.  Dissolve  2.5  g.  of  benzoic  acid  in  i  liter 
of  boiling  water  and  cool.  Transfer  to  a  bottle;  the  solution 
will  keep  indefinitely. 

Dissolve  I  gm.  of  pure  glucose  in  about  50  c.c.  of  the  ben¬ 
zoic  acid  solution.  Transfer  to  a  100  c.c.  volumetric  flask, 
rinse,  and  fill  to  the  mark  with  the  benzoic  acid  solution.  This 
is  the  standard  (i  per  cent.)  stock  solution.  Label  and  pre¬ 
serve.  This  solution  seems  to  keep  indefinitely. 

Transfer  i  c.c.  of  the  stock  solution,  by  means  of  an  Ost- 
w’ald  pipet,  to  a  100  c.c.  volumetric  flask ;  fill  to  the  mark 
with  saturated  benzoic  acid  solution  and  mix.  The  diluted 
solution  so  obtained,  which  contains  o.i  mg.  of  glucose  per 
cubic  centimeter,  is  a  suitable  standard  for  most  blood  sugar 
determinations.  Another  standard,  twice  as  strong,  is,  how¬ 
ever,  only  occasionally  needed.  This  is  made  by  diluting  2  c.c. 
of  the  stock  solution  to  100  c.c.  The  dilution  should  be  made 
with  benzoic  acid  solution.  Use  2  c.c.  for  each  determination. 

2.  Alkaline  Copper  Solution. — Dissolve  40  g.  of  anhydrous 
sodium  carbonate  in  about  400  c.c.  of  water,  and  transfer  to 
a  liter  flask.  Add  7.5  gm.  of  tartaric  acid,  and  when  the  latter 
has  dissolved,  add  4.5  g.  of  crystallize  copper  sulphate;  mix 
and  make  up  to  a  volume  of  i  liter.  If  the  carbonate  is  im¬ 
pure,  a  sediment  may  be  formed  in  the  course  of  a  week  or 
so.  If  this  happens,  decant  the  clear  solution  into  another 
bottle. 

3.  Special  Phosphoniolybdic  Acid  Solution. — Transfer  to  a 
liter  beaker  35  g.  of  molybdic  acid  and  5  g.  of  sodium 
tungstate.  Add  200  c.c.  of  10  per  cent,  sodium  hydroxid  and 
200  c.c.  of  water.  Boil  vigorously  for  20  to  40  minutes  so  as 
to  remove  nearly  the  whole  of  the  ammonia  present  in  the 
molybdic  acid.  Cool,  dilute  to  about  350  c.c.,  and  add  125  c.c. 
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of  concentrated  (85  per  cent.)  phosphoric  acid.  Dilute  to 
500  c.c. 

It  will  be  seen  that  the  preparation  of  this  reagent  is  much 
simpler  than  the  preparation  of  the  phenol  reagent.  The  solu¬ 
tion  has  none  of  the  yellow  color  of  the  phenol  reagent,  yet 
gives  an  intense  blue  color  with  cuprous  oxid.  Since  the  re¬ 
action  takes  place  in  acid  solution,  the  blue  color  of  the  alka¬ 
line  copper  tartrate  is  also  eliminated.  The  sodium  tungstate 
contained  in  this  reagent  is  added  because  there  is  sodium 
tungstate  in  our  blood  filtrates,  and  tungstates  modify  some¬ 
what  the  shade  of  blue  obtained  in  the  reaction. 

Special  blood  sugar  tubes  by  means  of  which  the  reoxida¬ 
tion  of  cuprous  oxid  by  the  oxygen  of  the  air  is  prevented 
should  be  used  in  this  determination.  This  tube  is  shown  in 
sketch.  The  essential  point  to  be  observed  in  connection  with 
it  is,  of  course,  that  the  surface  of  the  alkaline  mixture  of 
sugar  and  copper  shall  reach  the  constricted  part. 

Test  tubes  of  this  sort,  with  and  without  graduation,  are 
now  made  by  the  Emil  Greiner  Company,  55  Fulton  Street, 
New  York,  and  can  also  be  obtained  from  Arthur  H.  Thomas 
Company,  West  W'ashington  Square,  Philadelphia. 

The  blood  sugar  determination  is  now  made  as  follows : 

Transfer  2  c.c.  of  the  tungstic  acid  blood  filtrate  to  a  blood 
sugar  test  tube,  and  to  two  other  similar  test  tubes  (graduated 
at  25  c.c.)  add  2  c.c.  of  standard  sugar  solution  containing 
respectively  0.2  and  0.4  mg.  of  dextrose.  To  each  tube  add 
2  c.c.  of  the  alkaline  copper  solution.  The  surface  of  the 
mixtures  must  reach  the  constricted  part  of  the  tube.  If  the 
bulb  of  the  tube  is  too  large  for  the  volume  (4  c.c.),  a  little, 
but  not  more  than  0.5  c.c.,  of  a  diluted  (i.i)  alkaline  copper 
solution  may  be  added.  If  this  does  not  suffice  to  bring  the 
contents  to  the  narrow  part,  the  tube  should  be  dis¬ 
carded.  Test  tubes  having  so  small  a  capacity  that  4  c.c. 
fills  them  above  the  neck  should  also  be  discarded.  Trans¬ 
fer  the  tubes  to  a  boiling  water  bath  and  heat  for  6 
minutes.  Then  transfer  them  to  a  cold  water  bath  and  let 
cool,  without  shaking,  for  2  to  3  minutes.  Add  to  each  test 
tube  2  c.c.  of  the  molybdate  phosphate  solution.  The  cuprous 
oxid  dissolves  rather  slowly  if  the  amount  is  large,  but  the 
whole,  up  to  the  amount  given  by  0.8  mg.  of  dextrose,  dis- 
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solves  usually  within  2  minutes.  When  the  cuprous  oxid  is 
dissolved,  dilute  the  resulting  blue  solutions  to  the  25  c.c. 
mark,  insert  a  rubber  stopper,  and  mix.  It  is  essential  that 
adecpiate  attention  be  given  to  this  mixing  because  the  greater 
part  of  the  blue  color  is  formed  in  the  bulb  of  the  tube. 

The  two  standards  given  representing  0.2  and  0.4  mg.  of 


glucose  are  adequate  for  practically  all  cases.  They  cover  the 
range  from  about  70  to  nearly  400  mg.  of  glucose  per  100  c.c. 
of  blood. 

In  our  blood  sugar  method,  as  we  now  have  it,  reoxidations 
of  the  cuprous  compounds  are  excluded ;  the  blank  due  to  the 
blue  alkaline  copper  tartrate  is  eliminated,  and,  finally,  the 
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error  due  to  the  so-called  phenols  in  blood  fdtrates  is  removed. 
From  a  theoretical  standpoint  the  method  now  appears  to  be 
without  a  flaw,  and  from  the  experimental  standpoint  it  is 
rather  more  simple,  inasmuch  as  the  addition  of  sodium  car¬ 
bonate  is  omitted. 

Calculation. — The  dei)th  of  the  standard  in  millimeters  (20) 
multiplied  by  lot),  or  by  2cx)  if  the  stronger  standard  is  taken, 
and  divided  by  the  cohjrimetric  reading  of  the  unknowm  gives 
the  sugar  content  in  milligrams  per  i(X)  c.c.  of  blood. 

Discussion  of  the  Reagents  Used  for  the  Determination 
of  the  Amino-acid  Nitrogen  in  Blood. — i.  Standard  Amino-acid 
Solution. — The  standard  solution  of  amino-acid  used  in 
blood  analysis  should  contain  0.07  mg.  of  nitrogen  per 
cubic  centimeter.  Where  there  is  a  possibility  of  one’s 
wanting  to  make  other  amino-acid  determinations  it  is  more 
convenient  to  make  a  stock  solution  containing  o.i  mg.  per 
cubic  centimeter.  The  solution  is  made  with  o.i  N  hydro¬ 
chloric  acid,  and  0.2  per  cent,  of  sodium  benzoate.  All  the 
amino-acids  (except  perhaps  tryptophane)  seem  to  keep  in¬ 
definitely  in  O.I  N  acid.  From  the  stock  solution  containing 
O.I  mg.  of  nitrogen  per  cubic  centimeter  the  blood  standard 
is  made  by  diluting  70  c.c.  with  0.1  N  hydrochloric  acid  to 
a  volume  of  100  c.c. 

The  question  of  which  amino-acid  to  use  in  the  preparation 
of  the  standard  solution  depends,  of  course,  on  which  can  be 
obtained  in  pure  condition.  Any  one  of  the  following  amino- 
acids  can  be  used:  gl3xin,  glutamic  acid,  leucin,  phen^l- 
alanin,  t3rosin.  To  this  list  I  might  add  aspartic  acid  and 
C3'stin.  C3'Stin  has  the  advantage  that  it  can  be  prepared 
so  easil3'  in  strictly  pure  condition.  The  color  obtained  from 
cystin  is,  however,  a  trifle  more  yellow  than  the  color  ob¬ 
tained  from  the  other  amino-acids  mentioned  and  in  addi¬ 
tion  it  is  rather  less  dependable  than  the  others  with  respect 
to  the  intensity  of  the  color.  I  have,  in  fact,  had  much  trouble 
about  adjusting  the  conditions  so  as  to  get  the  full  value  from 
cystin.  If  the  conditions  are  not  right,  it  will  be  too  weak 
by  from  5  to  7  or  even  10  per  cent.  The  objection  to  aspartic 
acid  is  that  it  is  the  slowest  of  all  the  amino-acids  in  rela¬ 
tion  to  the  development  of  the  color.  For  miscellaneous  work 
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at  least,  this  is  a  distinct  drawback.  Glutamic  acid  also  tends 
to  be  rather  slow,  and  for  this  reason  is  the  least  desirable 
of  the  amino-acids  mentioned  as  serviceable  for  the  prepara¬ 
tion  of  standard  solutions.  Personally,  I  now  use  glycin  ex¬ 
clusively  as  the  standard,  and  my  only  reason  for  not  recom¬ 
mending  this  amino-acid  alone  is  that  the  American  supply 
of  the  pure  article  is  rather  uncertain.  This  objection  is  per¬ 
haps  now  not  so  important  as  it  was  a  short  time  ago.  It 
is  scarcely  safe  to  depend  on  nitrogen  determinations  to  check 
up  the  purity  of  glycin  because  the  impurities  in  it  contain 
nitrogen.  Glycin,  as  well  as  a  number  of  other  amino-acids, 
can  easily  be  recrystallized  by  dissolving  in  water  and  pre¬ 
cipitating  by  the  addition  of  0.5  to  l  volume  of  alcohol. 

2.  Special  Sodium  Carbonate  Solution. — The  required  car¬ 
bonate  solution  is  made  as  follows:  50  c.c.  of  approximately 
saturated  solution  are  diluted  to  a  volume  of  500  c.c.  The 
strength  of  the  resulting  solution  is  determined  by  titrating 
20  c.c.  of  o.i  N  hydrochloric  acid  with  the  carbonate,  and  with 
methyl  red  as  indicator.  On  the  basis  of  the  titration  value 
thus  obtained  the  carbonate  solution  is  diluted  so  that  8.5  c.c. 
are  equivalent  to  20  c.c.  of  o.i  N  acid.  The  carbonate  solu¬ 
tion  is  about  I  per  cent.  The  titration  method  given  serves 
as  a  guide  for  duplicating  the  carbonate  solution  which  I  am 
using. 

The  correct  degree  of  alkalinity  is  obtained  when  i  c.c.  of 
this  sodium  carbonate  solution  is  added  to  i  c.c.  of  amino- 
acid  solution,  which  at  the  same  time  is  a  0.1  N  solution  of 
hydrochloric  acid.  The  alkalinity  is,  therefore,  represented 
by  a  mixture  of  carbonate  and  bicarbonate.  A  drop  of 
phenolphthalein  solution  should  always  be  used,  is  in  fact 
indispensable  when  working  with  amino-acid  solutions  of 
unknown  and  variable  acidity.  It  is  desirable  that  the  alka¬ 
linity  in  the  different  solutions,  the  standard  and  the  un¬ 
knowns,  should  be  approximately  the  same,  but  there  is  no 
need  of  trying  to  make  them  exactly  equal. 

3.  Fresh  0.5  Per  Cent.  Solution  of  the  Sodium  Salt  of 
13-Naphthoquinone-Sulphonic  Acid. — For  the  preparation  of  this 
quinone  in  pure  form  see  page  267.  Enough  of  this  com¬ 
pound  for  several  thousand  amino-acid  determinations  can  be 
made  in  the  course  of  two  mornings.  In  solution  y8-naphtho- 
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quinonc-sulphonic  acid  is  gratlually  decomposed,  and  the  solu¬ 
tion  becomes  visibly  darker  in  the  course  of  a  few  hours, 
particularly  if  it  is  not  kept  in  the  dark.  I'or  this  reason  only 
freshly  prepared  solutions  should  he  used.  For  practical  work 
1  find  it  convenient  to  charge  a  series  of  clean  specimen  tubes 
with  loo  or  with  500  mg.  of  the  dry  (juinone  in  roughly  pow¬ 
dered  form.  The  samples  need  not  be  made  any  more  accu¬ 
rately  than  can  be  done  on  a  small  torsion  balance,  because 
a  variation  either  way  of  5  per  cent,  makes  no  difference. 
IVansfer  100  mg.  of  the  quinone  to  a  small  flask,  add  20  c.c. 
of  water,  and  shake.  Complete  solution  is  obtained  almost 
at  once.  For  miscellaneous  amino-acid  determinations  when 

o. i  mg.  of  nitrogen  is  the  standard,  3  c.c.  of  the  reagent  is 
taken ;  for  5  c.c.  of  blood  filtrate,  only  i  c.c. 

4.  Special  Acetic  Acid  Acetate  Solution. — Dilute  100  c.c.  of 
50  per  cent,  acetic  acid  with  an  equal  volume  of  5  per  cent, 
sodium  acetate  solution.  The  presence  of  the  sodium  acetate 
in  this  solution  serves  two  purposes.  It  serves  to  increase 
unmistakably  the  color  of  the  quinone-amino-acid  derivative, 
and  it  retards  very  much  the  onset  of  turbidity  due  to  the  lib¬ 
eration  of  sulphur  from  the  added  sodium  thiosulphate.  Both 
of  these  results  are  due  to  the  weakened  acidity  of  the  acetic 
acid. 

5.  A  4  Per  Cent.  Solution  of  Sodium  Thiosulphate  (Na^S^O^,- 

p, H^O). — This  .solution  is  used  to  destroy  the  surplus  quinone 
remaining  after  the  full  color  obtainable  from  the  amino-acids 
has  developed.  It  destroys  the  surplus  color  of  the  quinone, 
and  under  the  conditions  prescribed  has  no  effect  on  the 
colored  quinone-amino-acid  derivative,  at  least  during  the  first 
I  or  2  hours.  Nor  do  the  colored  solutions  become  turbid 
from  liberated  sulphur  within  the  first  2-hour  period. 

Procedure. — Transfer  to  a  test  tube  (capacity  30  to  35  c.c.) 
I  c.c.  of  the  standard  acid  glycin  solution  representing  0.07 
mg.  of  nitrogen,  and  add  3  c.c.  of  water.  To  another  similar 
test  tube  add  5  c.c.  of  the  blood  filtrate.  .'\.dd  t  drop  of  0.25 
per  cent,  phenolphthalein  solution  to  each.  Add  i  c.c.  of  the 
I  per  cent,  sodium  carbonate  solution  to  the  standard,  and 
then  add  carefully,  dro])  by  drop,  sodium  carbonate  solution 
to  the  blood  filtrate  until  it  has  approximately  the  same  pink 
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color  as  the  standard  (3  or  4  small  drops  arc  usually  required). 
Add  another  5  c.c.  of  water  to  the  standard,  the  volume 
of  the  standard  is  to  be  twice  that  of  the  blood  filtrate.  Then 
prepare  a  fresh  0.5  per  cent,  solution  of  the  sodium  salt  of 
)8-naphthoquinone-sulphonic  acid;  add  2  c.c.  of  this  solution  to 
the  standard  and  i  c.c.  to  the  blood  filtrate.  Shake  a  little 
to  make  the  solutions  uniform,  and  set  them  aside  in  a  com¬ 
pletely  dark  cupboard  and  leave  them  there  till  the  following 
day ;  that  is,  for  19  to  30  hours. 

At  the  end  of  the  time  specified  add  the  acetic  acid-acetate 
solution — 2  c.c.  to  the  standard,  and  i  c.c.  to  the  blood  filtrate. 
After  the  acetic  acid  has  been  added  (never  before)  add  the 
thiosulphate  solution — 2  c.c.  to  the  standard,  and  i  c.c.  to  the 
blood  filtrate.  Finally  add,  with  a  “blood  pipet,”  14  c.c.  of 
water  to  the  standard  (giving  a  volume  of  30  c.c.),  and 
7  c.c.  of  water  to  the  blood  filtrate  (final  volume  15  c.c.). 
Mix  and  make  the  color  comparison,  setting  the  standard  at 
20  mm. 

For  this  work  it  is  more  convenient  to  use  test  tubes  graduated 
at  15  and  at  30  c.c.  In  order  not  to  multiply  unnecessarily  the  kinds 
of  graduated  test  tubes  needed  in  blood  analysis  I  now  use  exclusively 
the  test  tubes,  graduated  at  25  c.c.,  which  are  used  for  the  blood  urea 
determination.  A  second  graduation  is  made  at  15  c.c.  for  the  blood 
filtrates,  and  the  test  tube  containing  the  standard  is  first  diluted  to 
the  25  c.c.  mark  and  an  additional  5  c.c.  of  water  is  then  added 
before  the  final  mixing. 

Twenty  divided  by  the  colorimetric  reading,  in  millimeters, 
times  7  (or  140  divided  by  the  colorimetric  reading)  gives  the 
amino-acid  nitrogen  in  milligrams  per  100  c.c.  of  blood  (5  c.c. 
of  the  blood  filtrate  corresponds  to  0.5  c.c.  of  blood). 

If  10  c.c.  of  blood  filtrate  can  be  spared  for  the  amino-acid 
determination,  it  is  more  convenient  to  make  use  of  test  tubes 
graduated  only  at  25  c.c. 

Transfer  i  c.c.  of  the  standard  amino-acid  solution  con¬ 
taining  I  c.c.  of  o.i  N  acid  and  0.07  mg.  of  nitrogen  to  one 
such  test  tube,  and  to  it  add  8  c.c.  of  water.  To  another  such 
test  tube  add  10  c.c.  of  blood  filtrate.  Add  i  drop  of  phenol- 
phthalein  to  each.  Add  i  c.c.  of  the  special  i  per  cent,  sodium 
carbonate  to  the  standard,  and  to  the  blood  filtrate  add  the 
carbonate  solution,  drop  by  drop,  until  the  color  obtained 
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".latches  aiiproxiniatcly  tliat  of  tlic  standard.  Add  2  c.c.  of  a 
freshly  prepared  0.5  per  cent.  )8-naphthoquinone  solution  to 
each,  nii.x,  and  set  aside  over  night  in  a  perfectly  dark  place. 
'I'he  next  day  add  first  2  c.c.  of  the  acetic  acid-acetate  solu¬ 
tion  and  then  2  c.c.  of  the  4  per  cent,  thiosulphate  solution  to 
each  test  tube.  Dilute  to  the  25  c.c.  mark,  mix,  and  make 
the  color  comparison. 

One  hundred  and  forty  divided  by  the  colorimetric  reading 
obtained  gives,  as  before,  the  amino-acid  nitrogen  in  milli¬ 
grams  per  too  c.c.  of  blood. 

d'he  second  process  is  more  satisfactor}^  than  the  first  in 
the  case  of  bloods  which  are  unusually  low  in  amino-acid 
nitrogen,  because  in  such  cases,  when  the  unknown  is  much 
w’eaker  than  the  standard,  the  match  in  color  is  not  very  good, 
the  weak  one  being  more  yellow.  This  difference  in  shade 
is  not  due  to  something  other  than  amino-acids  in  blood, 
for  the  same  phenomenon  is  encountered  when  working  with 
unequal,  but  unusually  weak  solutions  of  pure  amino-acids. 

It  may  become  necessary  with  the  first  method  to  use  a 
second  standard  containing  0.05  mg.  of  nitrogen,  as  I  do  in 
connection  with  the  determination  of  the  amino-acids  in  blood 
plasma. 

Detailed  Description  of  Preparation  of  the  Amino-acid 
Reagent. — The  process  described  below  for  the  preparation 
of  strictly  pure  ^-naphthol-sulphonic  acid  sodium  salt  is  the 
outcome  of  a  great  many  trial  experiments.  No  effort  has 
been  spared  to  make  the  preparation  simple  as  well  as  reli¬ 
able.  From  the  list  of  needed  chemicals  and  from  the  differ¬ 
ent  steps  in  the  process  enumerated,  the  preparation  may  seem 
a  rather  formidable  undertaking,  but  in  actual  practice  it  will 
be  found  that  the  amount  of  work  involved  is  not  very  large. 
The  description  has  purposely  been  made  so  explicit  that  a 
person  with  limited  chemical  experience  cannot  go  astray, 
except  by  not  following  the  directions.  I  would  warn  against 
introducing  variations  or  modifications  of  any  kind,  for  I  have 
tried  a  great  number  of  plausible  short  cuts  and  variations, 
only  to  find  that  they  had  no  merit. 

The  following  chemicals  are  needed  for  the  preparation  of 
75  to  90  gm.  of  the  pure  reagent : 

267 


Cold  10  per  cent,  sulphuric  acid,  i,ooo  c.c. 

Concentrated  nitric  acid,  loo  c.c. 

“  hydrochloric  acid,  500  c.c. 

10  per  cent,  sodium  hydroxid  solution,  300  c.c. 

10  “  “  “  chlorid  solution,  2,000  c.c. 

Bromin,  i  c.c. 

Sodium  nitrate,  50  g. 

“  nitrate,  100  g. 

“  sulphite,  50  g. 

“  bisulphite,  100  g. 

Borax,  400  g. 

Resublimed  y8-naphthol,  100  g. 

Alcohol,  about  2,000  c.c. 

Kther,  about  200  c.c. 

Ice,  1,000  g. 

1.  Transfer  icx)  gm.  of  ^-naphthol  to  a  liter  beaker;  add 
300  c.c.  of  10  per  cent,  sodium  hydroxid  solution  and  stir 
with  a  glass  rod  until  complete  solution  is  obtained  (10  to 
15  minutes). 

2.  Transfer  50  to  55  gm.  of  sodium  nitrate  to  a  4  liter 
beaker;  add  600  c.c.  of  water  and  shake  until  solution  is  ob¬ 
tained  (3  to  5  minutes). 

3.  Pour  the  alkaline  /3-naphthol  solution  into  the  4  liter 
beaker  holding  the  nitrate  solution,  and  rinse  with  about 
100  c.c.  of  water. 

4.  Add  800  gm.  of  crushed  ice  to  the  naphthol-nitrate  mix¬ 
ture. 

5.  Fill  a  200  c.c.  cylinder  with  cold  dilute  (to  per  cent.) 
sulphuric  acid,  and  pour  it  slowly  down  one  side  of  the  beaker, 
while  stirring  vigorously  and  continuously  with  a  heavy  glass 
rod.  Continue  the  stirring  for  i  to  2  minutes  after  all  the 
acid  in  the  cylinder  has  been  added.  Then  fill  the  cylinder 
again  and  add  in  the  same  way.  Repeat  this  addition  of 
dilute  sulphuric  acid,  200  c.c.  at  a  time,  until  800  c.c.  have  been 
added.  The  additions  should  be  continued  until  the  mixture 
in  the  beaker  gives  a  distinct  and  permanent  acid  reaction  with 
Congo  red  paper  (time  15  to  20  minutes). 

A  yellow  precipitate  begins  to  form  with  the  first  addition 
of  acid  and  increases  in  r|uantity  until  the  whole  mixture  be¬ 
comes  a  semisolid  paste.  The  precipitate  will  have  a  slight 
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greenish  tint;  if  it  is  distinctly  green,  the  conditions  are  t\ot 
right  and  a  less  good  yield  is  obtained.  Let  stand  for  i  hour 
after  the  last  of  the  acid  has  been  added.  It  is  important  not 
to  omit  this  detail  because  without  such  a  period  of  stand¬ 
ing  much  unchanged  j8-naphthol  remains  in  the  mixture  and 
is  encountered  when  trying  to  dissolve  the  precipitate  in  sul¬ 
phites.  Longer  standing  does  no  harm,  but  is  superfluous. 

6.  Filter  through  a  20  cm.  Buchner  funnel  with  moderate 
suction,  and  wash  with  about  15CX)  c.c.  of  cold  water. 

7.  Transfer  the  precipitate  (nitros()-/?-nai)hthol)  by  blow¬ 
ing,  to  a  large  evaporating  dish,  and  sprinkle  over  it  100  gm. 
of  sodium  bisulphite  and  50  gm.  of  sodium  sulphite;  stir  with 
a  spoon  (glass  or  enameled  ware).  An  extremely  soluble  bi¬ 
sulphite  addition  product  is  formed,  and  the  mixture  becomes 
liquid.  Filter  immediately  on  a  Buchner  funnel  (diameter 
12  to  15  cm.)  through  a  double  layer  of  good  (quantitative) 
filter  paper  from  the  small  amount  of  black  residue,  and  wash 
with  a  little  water. 

8.  Transfer  the  filtrate  and  washings  at  once  (to  avoid 
excessive  darkening)  to  a  5  liter  flask,  or  wide  mouth  (colored) 
bottle,  containing  2000  c.c.  of  water  and  500  c.c.  of  concen¬ 
trated  hydrochloric  acid.  Cover  with  a  funnel  and  one  or  two 
watch-glasses,  and  let  stand  in  a  dark  closet  for  about  36  hours 
(24  hours  is  not  quite  enough).  The  whole  flask  becomes 
filled  with  a  network  of  white  needles,  which  carry  down  a 
little  dark  and  pink  matter  as  impurities.  The  greater  the 
exposure  to  light  the  more  of  the  dark  decomposition  products 
will  be  formed. 

Filter  on  a  20  cm.  Buchner  funnel  with  moderate  suction, 
and  wash  with  about  2  liters  of  cold  water. 

9.  Blow  the  precipitate  (i-amino-2-naphthol-4-sulphonic 
acid)  to  a  large  filter  paper,  and  from  there  transfer  it  to  a 
large  beaker  (3  to  4  liter  capacity).  Sprinkle  over  the  pre¬ 
cipitate  100  gm.  of  sodium  nitrate.  Dilute  loo  c.c.  of  con¬ 
centrated  nitric  acid  with  350  c.c.  of  water,  and  pour  the  whole 
of  this  lukewarm  dilute  acid  into  the  beaker.  Reaction  begins 
immediately  and  nitric  oxid  fumes  begin  to  come  off.  Leave 
without  stirring  for  10  minutes  while  the  greater  part  of  the 
reaction  takes  place.  Then  stir  thoroughly  for  a  few  minutes 
and  let  stand  for  another  20  to  30  minutes. 
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If  no  visible  reaction  takes  place  on  adding  the  nitric  acid, 
the  cause  is  j)robably  to  be  found  in  the  presence  of  sodium 
carbonate  in  the  sodium  nitrates  used.  Even  .samples  of 
sodium  nitrate  which  are  labeled  “The  Standard  of  Purity’ 
may  contain  considerable  amounts  of  carbonates.  If  no  re¬ 
action  takes  place,  add  a  little  (i  to  5  c.c.)  of  concentrated 
nitric  acid. 

At  the  end  of  about  half  an  hour  filter  on  a  Buchner  funnel 
(diameter  15  cm.)  and  wash  with  about  1,000  c.c.  of  10  per 
cent,  sodium  chlorid  solution. 

The  light  brown  product  on  the  funnel  is  the  desired 
sodium  salt  of  1-2-4-naphthoquinone-sulphonic  acid.  But  it  is 
not  pure.  It  contains  dark-colored  decomposition  products 
and  also  traces  of  ammonia.  Considerable  ammonia  is 
formed  (from  the  amino  group)  during  the  oxidation  with 
the  nitric  acid,  but  because  of  the  large  amount  of  sodium 
nitrate  present,  only  traces  of  the  ammonia  are  carried  down 
as  the  ammonium  salt  of  the  quinone.  By  recrystallization 
under  the  conditions  described  in  the  next  section  (Section 
10)  the  product  is  freed  from  all  disturbing  impurities. 

10.  Transfer  the  moist  precipitate  to  a  large  porcelain  dish. 
Add  200  gm.  of  powdered  borax  and  450  c.c.  of  water.  Mix 
with  a  pestle  until  all  but  a  few  flakes  of  the  quinone  have 
dissolved.  Filter  through  a  good  (juality  (quantitative)  filter 
paper  on  a  10  cm.  Buchner  funnel  from  the  surplus  borax 
and  a  little  undissolvcd  black  residue.  Because  of  the  latter 
the  filtration  is  apt  to  be  rather  slow,  and  it  is  better  not  to 
apply  too  strong  a  suction.  Wash  with  100  to  150  c.c.  of 
water. 

While  the  filtration  is  proceeding,  transfer  850  c.c.  of  95 
per  cent,  alcohol  and  150  c.c.  of  concentrated  hydrochloric  acid 
to  a  Florence  flask.  Cover  the  mouth  of  the  flask  with  a 
beaker  and  cool  under  running  water. 

Transfer  the  quinone-borax  filtrate  to  a  4  liter  beaker.  Add 
a  few  drops  of  liquid  bromin  to  the  cooled  acid-alcohol. 
Shake  until  the  bromin  is  dissolved,  and  then  pour  the  result¬ 
ing  straw-yellow  solution  into  the  quinone-borax  mixture  and 
stir  quickly  and  vigorously  for  a  few  moments  so  as  to  secure 
complete  mixing.  Let  stand  for  5  minutes.  The  quinone  has 
all  come  down  at  the  end  of  this  time. 
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Filter  on  a  Buchner  funnel  (diameter  15  c.c.)  and  wash 
with  700  to  800  C.C.,  of  10  per  cent,  solution  of  sodium  chlorid. 

This  one  recrystalli/.ation  is  adecpuite  as  far  as  the  color 
of  the  product  is  concerned,  but  it  still  contains  some  am¬ 
monia.  The  recrystallization  must,  therefore,  be  repeated 
once  more,  "^Ihis  final  recrystallization  is  conducted  in  the 
same  way,  except  with  the  dilYerence  that  the  washing  of  the 
(luinone  on  the  B)uchner  funnel  with  sudinm  chlorid  is  omitted, 
and  for  it  is  substituted  the  washing,  fust  with  300  to  400  c.c. 
of  alcohol,  and  finally,  with  about  Joo  c.c.  of  ether. 

.Seventy-five  to  90  mg.  of  perfectly  i)ure  quinone  is  thus 
obtained. 

The  purification  jirocess  described  above  is  the  outcome 
of  a  large  number  of  experiments  directed  toward  olitaining 
this  (piinone  free  from  colored  decomposition  products.  The 
compound  cannot  he  recrystallized  from  water  alone,  because 
each  time  it  is  dissolved  there  is  some  decomposition,  and  when 
])recipitation  is  made  (usually  by  the  addition  of  sodium 
chlorid)  the  decomposition  products  adhere  to  the  compound, 
and  it  thus  becomes  darker  than  it  was  before. 

The  following  tests  for  the  purity  of  the  sodium  salt  of 
1-2-4-naphthoquinone-sulphonic  acid  will  be  found  useful. 

Color. — Prepare  a  fresh  i  per  cent,  solution  of  the  (piinone 
in  water,  and  compare  its  C(jlor  with  that  of  a  0.5  N  solution 
of  potassium  bichromate,  with  the  latter  set  at  20  mm.  in  the 
colorimeter.  The  quinone  solution  will  read  26  to  27  mm. 

Colored  Decomposition  Products. — Transfer  2  c.c.  of  the 
fresh  I  per  cent,  quinone  solution  to  a  test  tube.  Dilute  to  a 
volume  of  25  c.c.  Add:  first,  i  c.c.  of  50  per  cent,  acetic  acid; 
and  then,  i  c.c.  of  15  per  cent,  sodium  thiosulphate  solution. 
The  solution  will  bleach  in  the  course  of  a  few  seconds  so 
completely  that  it  is  only  by  looking  through  the  length  of 
the  tube  that  a  faint  yellow  shade  is  visible. 

Ammonia. — Transfer  10  c.c.  of  the  .solution  to  a  small  flask. 
.'Xdd  about  2  gm.  of  permutit  and  shake  gently  for  3  to  4 
minutes.  Decant  and  wash  with  distilled  water  four  or  five 
times,  until  all  of  the  yellow  color  is  gone. 
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Sample  Analyses  of  Protein-free  Blood  Filtrates  Obtained  by 
Means  of  Tungstic  Acid 


Mg.  per  loo  c.c.  Blood 


No. 

Total 

N. 

Urea 

N. 

Uric 

Acid. 

Preformed 

Creatinin. 

Total 

Creatinin. 

Sugar. 

I 

26 

10 

1-3 

15 

6.0 

89 

2 

26 

13 

I  .0 

I  -4 

5-3 

100 

3 

28 

12 

I  .  I 

1 . 2 

6.7 

98 

4 

28 

12 

2 . 2 

2.0 

5-7 

83 

S 

29 

13 

3-3 

i-S 

6.0 

86 

6 

29 

1 1 

2.6 

1-4 

5-2 

95 

7 

29 

13 

1 .6 

1-4 

6.0 

8S 

8 

30 

13 

2.4 

1 .6 

s-s 

82 

9 

30 

14 

41 

1-7 

5-3 

82 

lO 

3 

15 

2.8 

1 .6 

5-4 

91 

II 

32 

IS 

3-4 

1-4 

5-3 

97 

12 

32 

13 

2.4 

1-7 

6.0 

104 

13 

33 

17 

2.0 

1-3 

4  •  8 

83 

14 

33 

16 

2-5 

1 . 6 

5-7 

105 

IS 

33 

15 

I .  I 

1 .6 

5-5 

95 

i6 

34 

16 

0.8 

1-3 

6. 1 

119 

17 

34 

16 

2.6 

i-S 

5-9 

106 

i8 

35 

17 

2  .  I 

1 .6 

6.0 

89 

19 

35 

17 

2.0 

1-4 

5-5 

77 

20 

35 

18 

2.0 

1-7 

5-7 

86 

21 

35 

18 

2.9 

I  6 

5-8 

95 

22 

35 

17 

3-2 

I  -4 

5-5 

94 

23 

35 

18 

2-5 

1-5 

6.0 

89 

24 

35 

19 

2 . 2 

I-S 

5-3 

91 

25 

35 

22 

35 

1-4 

5-7 

87 

26 

35 

17 

2-3 

1-7 

6.7 

83 

27 

35 

18 

1 .6 

1-3 

6-5 

104 

28 

36 

17 

2.8 

1-5 

5-2 

100 

29 

37 

18 

2 . 1 

1-5 

5-5 

94 

30 

38 

18 

2 . 2 

1-7 

5-4 

95 

31 

39 

18 

2.6 

1.8 

6.7 

103 

32 

39 

18 

2-9 

I-S 

6.0 

87 

33 

40 

18 

2.0 

1 .6 

6  0 

98 

34 

40 

20 

2.6 

1-7 

5-6 

95 

35 

41 

19 

4.8 

1-5 

5-9 

93 

36 

41 

19 

4.2 

2-5 

6.6 

109 

37 

43 

19 

2 . 2 

1-7 

6-3 

78 

38 

139 

106 

5-4 

12-5 

19.4 

99 

39 

147 

115 

8.9 

II  .0 

20.5 

170 

40 

27s 

237 

14-3 

13.6 

1  ^7-.^ 

157 
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Then  ackl  to  the  jicrnuitit  powder  a  few  drops  of  lo  per 
cent,  sodium  hydroxid  solution,  5  c.c.  of  water,  and  5  c.c. 
of  Nessler’s  solution.  No  color  is  produced. 


Normal  Minimum,  Maximum  and  Average  Blood  Content  of  Non¬ 
protein  Nitrogenous  Products  from  12  Young  Men 


Whole  Blood 
per  100  c.c. 

Plasma 
per  100  c.c. 

Corpuscles 
per  100  c.c. 

Amino-acid  N. 

Urea  N. 

Undetermined 
Rest  N. 

Total  Non- 
protein  N. 

Amino-acid  N. 

Urea  N. 

Undetermined 

Rest  N. 

Total  Non¬ 

protein  N. 

Amino-acid  N. 

Urea  N. 

Undetermined 

rest  N. 

Total  non¬ 

protein  N.  1 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

After  a  night’s  fast 

Minimum . 

5-7 

8.9 

10. 1 

27.8 

4-3 

9.6 

1.8 

18.0 

6.7 

7-7 

18. .5 

37-7 

Maximum . 

7.« 

15-2 

i7-.‘5 

.39-4 

6.2 

17-3 

II  5 

.10.0 

10.7 

13.2 

33  •  8 

,5.50 

Average . 

6.4 

11.6 

13.7 

32.1 

6  3 

12.4 

6.7 

24.7 

8  2 

10.3 

24.7 

43  6 

After  carbohy- 

drate  intake 

Minimum . 

4  9 

8.0 

6.4 

21  .0 

3-5 

9.2 

1.8 

17.0 

5  9 

5-2 

9.0 

24.8 

The  Determination  of  Ammonia  in  Blood. —  (/.  Biol.  Cheni., 
II,  534.) — Reasonably  accurate  determinations  of  ammonia 
in  blood  are  obtained  with  great  difficulty  because  of  the  de¬ 
composition  of  certain  nitrogenous  components  of  blood  even 
at  room  temperatures,  and  because  the  free  ammonia  actually 
present  in  fresh  blood  amounts  only  to  a  few  hundreths  of  a 
milligram  per  100  c.c. 

Transfer  10  c.c.  of  blood  to  a  large  test  tube.  Add  2  to  3  c.c. 
of  a  solution  containing  10  per  cent,  sodic  carbonate  and  15 
per  cent,  potassium  oxalate.  Then  aspirate  the  liberated 
ammonia  by  means  of  a  rapid  air  current  into  a  test  tube  con¬ 
taining  I  c.c,  of  water  and  5  to  6  drops  .1  N  hydrochloric  acid. 
Time  20-30  minutes.  Nesslerize  this  solution  by  the  gradual 
addition  of  not  over  i  c.c.  diluted  Nessler’s  solution  (dilution 
I  :5),  Transfer  the  solution  to  a  10  c.c.  volumetric  flask,  and 
dilute  to  volume  with  “ammonia  free”  water. 
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Illustrating  Substantial  Uniformity  in  the  Retention  of  the  Several  Nitrogenous  Waste  Products 
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“Ammonia  free”  water  is  obtained  from  ordinary  distilled  water 
by  the  addition  of  a  little  bromine  water  and  a  few  drops  of  concen¬ 
trated  sodium  hydroxid. 

The  colorimetric  valuation  of  the  solution  by  means  of  the 
Uuboscq  colorimeter  cannot  be  accomplished  without  ma¬ 
terially  altering  the  instrument.  An  iris  diaphragm  should  be 
attached  to  one  sliding  platform  of  the  colorimeter,  so  as  to 
regulate  the  amount  of  light  passing  through  on  that  side. 
The  hexagonal  prism  should  be  removed  from  the  opposite 
side.  With  these  alterations,  the  Nesslerized  solution  in  a 
i(X)  mm.  polariscope  tube  may  be  compared  with  .5  or  i  mg. 
ammonia  (Nesslerized  and  diluted  to  100  c.c.).  Place  the 
standard  in  the  cup  on  the  side  of  the  iris  diaphragm,  fill  a 
100  mm.  polariscope  tube  with  the  unknown,  and  insert  this 
on  the  other  side.  Adjust  the  standard  until  the  two  fields 
are  equal. 

Nessler’s  Reagent. — This  reagent  is  essentially  a  solution 
of  the  double  iodid  of  mercury  and  potassium  (HgI._,,2KI) 
containing  sodic  or  potassic  hydrate.  A  stock  solution  of  the 
double  iodid  is  best  prepared  as  follows: 

Transfer  150  g.  of  potassium  iodid  and  no  g.  of  iodin  to 
a  500  c.c.  Florence  flask ;  add  100  c.c.  of  water  and  an  excess 
of  metallic  mercury,  140  g.  to  150  g.  Shake  the  flask  continu¬ 
ously  and  vigorously  for  7  to  15  minutes,  or  until  the  dis¬ 
solved  iodin  has  nearly  all  disappeared.  The  solution  becomes 
hot.  When  the  red  iodin  solution  has  begun  to  become 
visibly  pale,  though  still  red,  cool  in  running  water,  and  con¬ 
tinue  the  shaking  until  the  reddish  color  of  the  iodin  has  been 
replaced  by  the  greenish  color  of  the  double  iodid.  This 
whole  operation  usually  does  not  take  more  than  15  minutes. 
Now  separate  the  solution  from  the  surplus  mercury  by  de¬ 
cantation  and  washing  with  liberal  quantities  of  distilled 
water.  Dilute  the  solution  and  washings  to  a  volume  of  two 
liters.  If  the  cooling  was  begun  in  time,  the  resulting  reagent 
is  clear  enough  for  immediate  dilution  with  10  per  cent,  alkali 
and  water,  and  the  finished  solution  can  at  once  be  used  for 
Nesslerizations. 

The  cost  of  the  chemicals  called  for  in  this  rather  interest- 
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ing  process  of  making  Nessler’s  solution  is  less  than  when 
starting  with  mercuric  iodid,  and  the  disagreeable  impurities 
present  in  many  samples  of  mercuric  iodid  are  avoided.  From 
the  stock  solution  of  mercuric  potassium  iodid,  made  as  de¬ 
scribed  above,  prepare  the  final  Nessler  solution  as  follows: 

From  completely  saturated  caustic  soda  solution  contain¬ 
ing  about  55  g.  of  NaOH  per  loo  c.c.  decant  the  clear  super¬ 
natant  liquid  and  dilute  to  a  concentration  of  lO  per  cent. 
(It  is  worth  while  to  determine  by  titration  that  a  lo  per 
cent,  solution  has  been  obtained  with  an  error  of  not  over 
5  per  cent.)  Introduce  into  a  large  bottle  3,500  c.c.  of  10  per 
cent,  sodic  hydrate  solution,  add  750  c.c.  of  the  double  iodid 
solution,  and  750  c.c.  of  distilled  water,  giving  5  liters  of 
Nessler’s  solution. 

In  the  absence  of  modifying  circumstances,  such  as  the 
presence  of  much  acid  or  alkali,  this  reagent  should  be  added 
in  the  proportion  of  lO  c.c.  per  100  c.c.  of  the  volume  to  which 
the  Nesslerized  solution  is  to  be  diluted.  As  a  general  rule 
the  volumetric  flask  (or  volumetric  test  tube)  should  be  at 
least  two-thirds  full  before  adding  the  Nessler  reagent.  If 
attention  is  not  given  to  this  detail,  turbid  mixtures  are  ob¬ 
tained,  and  turbid  solutions  must  never  be  used  for  color 
comparisons. 

Preparation  of  Uric  Acid  and  Phenol  Reagent. — Transfer 
to  a  flask  (capacity  about  1,500  c.c.)  : 

750  c.c.  of  water, 

100  g.of  sodium  tungstate, 

20  g.  of  phosphomolybdic  acid, 

50  c.c.  of  phosphoric  acid  (85  per  cent.  H3PO4), 

100  c.c.  of  concentrated  hydrochloric  acid. 

Insert  a  funnel  in  the  flask  and  partly  close  the  opening 
of  the  funnel  with  a  watch  glass.  Boil  the  mixture  gently 
for  two  hours.  A  deep  straw-yellow  solution  should  be  ob¬ 
tained.  It  should  not  turn  appreciably  blue  when  a  sample, 
5  C.C.,  is  rendered  alkaline  with  sodic  carbonate.  Dilute  to  a 
liter. 

Method  for  the  Determination  of  Chlorids  in  Blood  Plasma. 
— {Rappleye:  Jour.  Biol.  Chem.,  1918,  Vol.  32,  p.  509).  In  this 
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method  the  principle  used  in  the  Volhard  method  for  the  de¬ 
termination  of  chlorids  in  urine  is  employed  for  the  estimation 
of  the  minute  amounts  of  sodium  chlorid  found  in  blood 
plasma : 

The  following  solutions  are  required: 


Solution  I 

Silver  Nitrate .  7-2653  gm. 

Nitric  Acid  (concentrated)  .  250  c.c. 

Saturated  Solution  of  Iron-Ammonium-Alum  ....  50  c.c. 

Distilled  water,  to  make .  1000  c.c. 


Solution  II 

Potassium  sulphocyanate  in  distilled  water,  of  such 
strength  that  25  c.c.  is  exactly  equivalent  to  5  c.c.  of  the  silver 
nitrate  solution.  Each  cubic  centimeter  of  the  silver  nitrate 
solution  is  exactly  equivalent  to  2.5  mg.  of  sodium  chlorid,  and 
each  cubic  centimeter  of  the  potassium  sulphocyanate  is  equiv¬ 
alent  to  0.5  mg.  of  sodium  chlorid. 

Procedure 

Place  2  c.c.  of  citrated  plasma  (oxalated  plasma  cannot 
be  used  on  account  of  the  poor  end  point)  in  a  50  c.c.  volu¬ 
metric  flask  containing  30  c.c.  distilled  water.  Add  10  c.c.  of 
Solution  I,  and  dilute  to  mark.  After  being  mixed  the  liquid 
is  allowed  to  stand  for  5  to  10  minutes  and  is  then  filtered 
through  a  dry  filter  paper  free  from  chlorids.  Twenty-five 
cubic  centimeters  of  the  filtrate  is  then  titrated  with  Solu¬ 
tion  II. 

To  calculate  the  result  subtract  the  number  of  cubic  centi¬ 
meters  of  Solution  II  used  in  the  titration  from  25,  and  multi¬ 
ply  by  50.  This  gives  the  number  of  milligrams  of  sodium 
chlorid  present  in  100  c.c.  of  blood  plasma. 

The  Determination  of  Chlorids. —  (Whitehorn,  J.  Biol. 
Cliem.,  1920-21,  45,  449.) — This  simple  method  is  doubtless 
open  to  theoretical  errors,  but  practically  it  seems  to  give  ac¬ 
curate  and  dependable  results. 
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Reagents  required: 

1.  Silver  Nitrate  Solution.— D\s,s,o\vc  4.791  gm.  of  silver 
nitrate  in  distilled  water  and  dilute  to  i  liter,  i  c.c.  =  i  mg.  of  Cl. 

2.  Potassium  Sulphocyanate  Solution. — Dissolve  about  3  S- 
of  the  salt  in  a  liter  of  water.  Determine  its  exact  value  as 
described  under  "procedure,”  and  on  the  basis  of  the  titrate 
ion,  dilute  so  that  5  c.c.  is  an  equivalent  to  5  c.c.  of  the  silvef 
solution. 

3.  Powdered  ferric  ammonium  sulphate. 

4.  Concentrated  nitric  acid. 

Procedure. — Pipet  10  c.c.  of  the  protein-free  filtrate  into 
a  porcelain  dish.  Add  with  a  pipet  5  c.c.  of  the  standard  silver 
nitrate  solution  and  stir  thoroughly.  Add  about  5  c.c.  of 
concentrated  nitric  acid,  mix,  and  let  stand  for  5  minutes,  to 
permit  the  flocking  out  of  the  silver  chlorid.  Then  add,  with 
a  spatula,  an  abundant  amount  of  ferric  ammonium  sulphate 
(about  0.3  gm.),  and  titrate  the  excess  of  silver  nitrate  with 
the  standard  sulphocyanate  solution  until  the  definite  salmon- 
red  {not  yellozv)  color  of  the  ferric  sulphocyanate  persists  in 
spite  of  stirring  for  at  least  15  seconds. 

Calculation. — 5.(X)  —  titer  (in  c.c.)  =  mg.  of  Cl  per  c.c.  of 
blood  (or  plasma). 

Since  each  cubic  centimeter  of  thiocyanate  solution  used 
is  equivalent  to  l  c.c.  of  silver  nitrate  solution,  the  difference 
between  the  volume  of  silver  nitrate  solution  taken  and  the 
excess  determined  by  the  titration,  that  is,  5  —  titer,  repre¬ 
sents  the  volume  which  reacted  with  chloride  at  the  ratio  of 
I  c.c.  to  I  mg.  of  Cl.  And  the  10  c.c.  of  filtrate  taken  repre¬ 
sents  I  c.c.  of  blood  (or  plasma). 

To  convert  Cl  figures  into  NaCl  figures  divide  by  0.606. 

Chloride  determinations  are  usually  made  on  plasma  rather 
than  on  whole  blood.  To  precipitate  the  proteins  from  plasma 
(or  serum)  proceed  as  follows: 

Transfer  5  c.c.  to  a  100  c.c.  flask,  dilute  with  40  c.c.  of  dis¬ 
tilled  water  (8  volumes).  Add  2.5  c.c.  (one-half  volume)  of 
10  per  cent,  sodium  tungstate.  Then  add  slowly  from  a  gradu¬ 
ated  pipet  or  buret,  with  shaking,  2.5  c.c.  of  0.66  N  sulphuric 
acid.  Let  stand  for  10  minutes  and  filter. 

The  plasma  filtrates  so  obtained  are  also  useful  for  other 
determinations,  particularly  amino-acids  and  uric  acid.  At- 
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tcntion  might  also  be  called  to  the  fact  that  for  plasma  or 
serum  precipitations  it  is  sometimes  advantageous  to  use  final 
dilutions  of  i  in  8,  or  l  in  5,  instead  of  the  regular  i  in  10.  The 
only  variation  recpiired  for  the  preparation  of  such  filtrates 
is  to  use  30  c.c.  (6  volumes)  or  15  c.c.  (3  volumes)  of  water 
before  adding  the  tungstate  and  the  suli)huric  acid. 

Determination  of  Fatty  Acids  and  Cholesterol  in  Blood 
Plasma.  (Hloor.) — Saponificatiou. — Five  cubic  centimeters  of 
blood  plasma  is  measured  into  a  i(X)  c.c.  Hash  containing  about 
73  c.c.  of  a  mixture  of  three  parts  alcohol  and  one  part  ether 
(both  redistilled).  I'he  plasma  is  made  to  enter  in  a  slow 
stream  of  drops,  and  the  liquid  in  the  Mask  is  kept  rotating 
rai)idly  t(j  ])revent  the  formation  of  large  aggregates  of  pre¬ 
cipitate.  At  once,  or  after  standing  till  a  convenient  time, 
the  flask  is  immersed  in  boiling  water  with  frequent  and 
strong  rotation  (to  prevent  superheating)  until  the  liquid 
begins  to  boil,  then  cooled  to  room  temperature,  made  up  to 
volume,  mixed  and  filtered.  For  the  determination  a  volume 
(10  to  20  c.c.)  containing  about  2  mg.  of  fatty  acid  is  measured 
into  a  small  Erlenmeyer  flask  (50  to  100  c.c.)  of  Non-sol  glass 
(Pyrex  is  less  suitable  because  it  is  readily  attacked  by  the 
strong  alkali),  o.i  c.c.  of  concentrated  NaOTT  made  from 
sodium  is  added,  and  the  mixture  evaporated  nearly  to  dryness 
on  the  water  bath.  'The  ])rocess  of  drying  is  a  very  important 
step  in  the  method,  since  the  separation  is  not  quantitative  if 
the  drying  is  either  carried  too  far  (iti  which  some  of  the 
cholesterol  cannot  be  recovered  by  the  cold  treatment),  or 
not  far  enough  (when  a  part  of  the  soap  or  fatty  acids  is  ex¬ 
tracted  with  the  cholesterol).  The  Erlenmeyer  flasks,  in 
which  the  drying  is  carried  out,  should  be  frequently  rotated 
or  gently  shaken  when  the  mixture  has  evaporated  down  to 
about  10  drops  of  li(|uid.  This  insures  complete  saponifica¬ 
tion  and  an  even  distribution  of  the  cholesterol  and  soaps  over 
the  bottom  of  the  flask.  The  drying  is  continued  in  this  way 
until  only  two  or  three  drops  of  liquid  remain  in  the  flask. 
Just  before  this  stage  is  reached  the  flask  is  frequently  shaken 
or  gently  beaten  against  the  palm  of  the  hand  in  such  a  way 
as  to  keep  the  entire  bottom  of  the  flask  moist  most  of  the 
time.  The  first  stage  of  the  drying  is  discontinued  when  this 
small  volume  is  reached  and  the  odor  of  alcohol  has  completely 
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disappeared.  Should  alcohol  fumes  still  be  given  off,  the  dry¬ 
ing  must  be  continued  if  necessary  with  the  addition  of  a 
drop  of  distilled  water  to  keep  the  contents  li([uid.  The  flask 
is  now  cooled,  and  o.l  c.c.  of  dilute  sulphuric  •  acid  (i  part 
concentrated  acid,  3  parts  water)  is  added,  and  the  contents 
of  the  flask  well  mixed.  (This  amount  of  acid  should  leave  the 
contents  of  the  flask  still  alkaline;  if  it  does  not  a  more  dilute 
acid  should  be  used.)  Sufficient  fluid  is  usually  left  in  the 
flask  to  insure  complete  mixing  of  the  acid  with  the  contents 
of  the  flask ;  if  it  is  not,  a  drop  or  two  of  water  must  be  added. 
By  gently  rotating  the  flask  and  beating  it  against  the  palm 
of  the  hand,  the  sodium  sulphate  which  has  already  begun 
to  crystallize  out  is  broken  up  into  minute  fragments  and 
evenly  distributed  over  the  bottom,  which  should  be  flat  in 
order  to  prevent  the  collection  of  the  mixture  in  one  spot.  The 
flask  is  now  heated  on  the  water  bath  until  the  last  traces  of 
moisture  have  disappeared  from  its  walls. 

Separation  and  Determination  of  Cholesterol. — After  cooling, 
10  c.c.  of  chloroform  are  added  and  the  flask  allowed  to  stand 
for  10  minutes ;  it  may  be  shaken  occasionally  in  order  to 
reach  any  material  adherent  to  the  sides.  The  chloroform 
extract  is  poured  through  a  5)/^  cm.  hardened  filter  into  an¬ 
other  small  flask,  and  the  extraction  twice  repeated  with  5  c.c. 
of  chloroform.  If  the  drying  and  distribution  of  the  salt  have 
been  carefully  carried  out,  very  little  of  the  salt  will  break 
loose  from  the  bottom  of  the  flask  during  the  chloroform  ex¬ 
traction  and  the  fatty  acids  are  quantitatively  retained.  The 
combined  chloroform  extract  is  then  evaported  down  to  2  or 
3  c.c.  and  poured  into  a  10  c.c.  glass  stoppered  graduated 
cylinder,  and  made  up  to  5  c.c.  with  chloroform  washings  from 
the  flask.  The  cholesterol  then  determined  by  the  use  of 
the  Liebermann-Burchard  reaction  as  follows:  To  the  con¬ 
tents  of  the  graduated  cylinder  made  up  to  5  c.c.  are  added 
I  c.c.  of  acetic  anhydrid  and  o.i  c.c.  of  pure  concentrated 
sulphuric  acid;  the  cylinder  is  stoppered,  and  the  whole  well 
mixed.  The  cylinder  is  allowed  to  stand  for  15  minutes  at  a 
temperature  of  20  to  22°  C.  and  exposed  to  the  same  light  by 
which  readings  are  later  to  be  made.  (The  color  is  sensitive 
to  light,  and  this  precaution  is  necessary  in  order  to  avoid 
changes  in  tint  during  the  reading.)  The  solution  is  then 

293 


transferred  to  the  colorimeter  cup  and  compared  with  a  suit¬ 
able  standard  similarly  prepared  from  pure  cholesterol.  The 
standard  cholesterol  for  this  purpose  contains  ordinarily  0.5 
mg.  of  cholesterol  in  5  c.c.  of  chloroform. 

Determination  of  Fatty  Acids. — The  residue  in  the  small 
flasks,  after  extraction  with  chloroform  as  above,  is  treated 
with  boiling  alcohol  for  the  extraction  of  the  fatty  acids  (in 
the  form  of  soaps)  in  the  following  way:  Ten  cubic  centi¬ 
meters  of  redistilled  alcohol  is  added  to  each  flask,  the  mixture 
raised  to  boiling  on  an  electric  stove  or  water  bath  and  kept 
boiling  very  gently  for  a  period  of  ten  minutes.  The  hot  al¬ 
cohol  is  then  poured  through  the  small  hardened  filter  which 
was  used  in  filtering  the  chloroform,  into  a  100  c.c.  Erlenmeyer 
flask.  The  extraction  with  alcohol  is  repeated  once,  using 
5  c.c.  of  alcohol,  the  hot  extracting  fluid  being  poured  through 
the  hardened  filter  into  the  flask.  The  combined  filtrates  are 
evaporated  to  small  volume  (2  to  3  c.c.),  then  transferred  quan¬ 
titatively  to  a  small  graduated  glass  stoppered  cylinder  and 
the  flask  rinsed  out  with  just  enough  alcohol  to  bring  volume 
in  cylinder  up  to  5  c.c.  One  hundred  cubic  centimeters  of 
distilled  water  is  next  measured  out  into  a  200  c.c.  beaker  and 
the  alcoholic  extract  of  the  fatty  acid  added,  with  stirring, 
through  a  small  funnel  with  the  stem  drawn  out  to  form  an 
opening  about  l  mm.  in  diameter  and  extending  nearly  to  the 
bottom  of  the  beaker.  The  cylinder  is  rinsed  once  with  the 
solution  in  the  beaker  and  the  rinsings  poured  back  into  the 
beaker  through  the  funnel.  To  another  beaker  containing 
too  c.c.  of  w’ater  is  added  through  a  pipet,  with  stirring,  5  c.c. 
of  the  alcoholic  standard  containing  2  mgm.  of  a  mixture  of 
oleic  and  palmitic  acids  (60  per  cent,  oleic  and  40  per  cent, 
palmitic)  in  95  per  cent,  alcohol  (redistilled).  Ten  cubic  centi¬ 
meters  of  dilute  hydrochloric  acid  (i  part  concentrated  acid, 
3  parts  water)  is  added  to  each  beaker,  wdth  stirring,  and  after 
standing  not  less  than  three  or  not  more  than  ten  minutes 
the  solutions  are  compared  in  the  nephelometer. 

Solutions  Used. — The  Standard  Fat  Solution. — This  is  a  95 
per  cent,  alcoholic  solution  of  palmitic  and  oleic  acids,  of  which 
5  c.c.  contains  2  mgm.  of  a  mixture  consisting  of  60  per  cent, 
oleic  acid  and  40  per  cent  palmitic  acid.  The  standard  is  con¬ 
veniently  made  by  first  preparing  solutions  of  oleic  and  pal- 

295 


mitic  acids  each  containing  200  mg.  of  fatty  acid  in  500  c.c. 
of  alcohol.  For  use  60  c.c.  of  the  oleic  acid  solution  is  mixed 
with  40  c.c.  of  the  palmitic  acid  solution. 

Standard  Cholesterol  Solution. — This  is  a  solution  of  cho¬ 
lesterol  in  chloroform  containing  from  0.5  mg.  to  l  mg. 
of  cholesterol  in  5  c.c.,  depending  on  the  animal  of  which  the 
blood  is  being  measured.  For  most  purposes  a  standard  con¬ 
taining  0.05  mg.  of  cholesterol  in  5  c.c.  of  solution  will  be 
found  suitable.  For  convenience  in  weighing  the  cholesterol 
a  standard  twenty  times  the  strength  of  the  final  standard  is 
prepared,  and  this  is  diluted  as  needed. 

Sodium  Hydrate. — Made  from  metallic  sodium  by  suspend¬ 
ing  the  metal  in  a  closed  vessel  containing  distilled  water,  at 
room  temperatures,  over  a  receiver  to  catch  the  hydrate  w’hich 
drips  off  the  metal.  The  action  is  slow,  but  the  apparatus 
requires  little  attention  and  a  strong  pure  hydrate  is  obtained. 

Chloroform. — The  chloform  used  must  be  neutral  in  reaction 
and  free  from  moisture  and  alcohol. 

Use  of  the  Nephelometer. — The  nephelometer  modified  from 
the  Duboscq  colorimeter  is  used.  Since  the  nephelometer 
tubes  filled  with  the  same  solution  rarely  give  the  same 
readings  on  the  two  sides  of  the  instrument,  the  standard 
must  be  adjusted  before  readings  are  made.  This  is  done  by 
filling  both  tubes  with  the  standard  solution  and  inserting 
them  into  the  instrument,  after  which  the  jacket  on  the  right 
is  set  at  30  mm.  and  the  jacket  on  the  left  adjusted  until  the 
two  light  fields  are  equal.  This  point  gives  the  equivalent  of 
30  mm.  on  the  right  side,  and  calculations  are  made  on  this 
basis.  The  tube  on  the  right  is  then  filled  wdth  the  solution 
to  be  tested,  and  readings  are  made. 

Accurate  determinations  cannot  be  made  if  the  standard 
and  test  solutions  are  more  than  30  per  cent  apart.  If  wider 
differences  are  found,  the  determination  should  be  repeated, 
using  more  or  less  of  the  alcohol-ether  extract,  as  required 
to  bring  the  two  solutions  within  the  limit  specified.  In  some 
cases  (rabbit  blood)  it  may  be  necessary  to  use  a  weaker 
standard,  which  is  done  by  measuring  2  to  4  c.c.  of  the  stand¬ 
ard  fatty  acid  solution  into  one  of  the  small  graduated  cylinders 
used  for  the  test  solution,  filling  to  5  c.c.  with  alcohol,  mix¬ 
ing,  and  then  proceeding  as  with  the  test  solution. 
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Acids,  strong  and  weak,  7  to  37 
Albumin  in  urine,  determination 
of,  21 1 

Albumins,  tests  for,  107 
Alkalimetry,  i 
Amino  acids,  113,  223,  259 
Ammonia,  determination  of,  57, 

125 

Ammonia  in  blood,  determination 
of,  279 

Atom  weights,  see  inside  front 
cover. 


Benedict’s  method  for  determina¬ 
tion  of  sugar,  87 

method  for  determination  of 
sugar  in  urine,  87 
reagent  for  sugar,  81 
standard  copper  solution,  87 
Beta-oxybutyric  acid  in  urine,  201 
Bile,  183 

Blood,  qualitative  experiments 
with,  173 

Bloor’s  method  for  determining 
cholesterol  in  blood,  293 
nephelometric  method  for  fats  in 
blood,  297 
Bone,  181 


Calcium  in  urine,  determination  of, 
215 

Carbohydrates,  81-103 


Catalysis,  67-71 

Chlorids,  in  urine,  determination  of, 
167  to  169 

Chlorids,  method  for  determining  in 
blood,  285  to  289 

Cholesterol,  Liebermann’s  reaction 
for,  79 

method  for  determining  in  blood, 

293 

Creatin,  in  urine,  149 
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Glycogen,  101 


Hippuric  acid,  151 

in  urine,  determination  of,  209 
Hydrochloric  acid,  test  for,  53 
Hydrogen-ion  concentration,  9 

Indican  in  urine,  169 
Indicators,  21 
Invert  sugar,  95 


Keratin,  in 


Lactic  acid,  test  for,  21 
Lecithin,  55 
Leucin,  113 
Le\Tilose,  test  for,  8$ 


Magnesium,  in  urine,  determina¬ 
tion  of,  215 

Maltose,  preparation  of,  97 
Mass  Law,  11,71 

McCrudden’s  method  for  calcium 
and  magnesium,  215 
Metabolism  experiments,  17 1 
Milk,  177  • 
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standard  oxalic  acid,  41 
standard  protein,  213 
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Starch  solution,  preparation  of,  99 
Sugar,  Benedict’s  reagent  for,  81 
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Tyrosin,  113 
Trypsin,  69 

Urea,  colorimetric  determination 
of,  in  urine,  135 

in  blood,  determination  of,  239 
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Urea,  reactions  with,  133 
Uric  acid  in  urine,  colorimetric  de¬ 
termination,  141 
murexid  test  for,  139 
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preparation  from  urine,  139 
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